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'Proposed Class 2, subclass 129."' M.P.E.P. Section 601, 7th ed. 
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Box Patent Application 
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NEW APPLICATION TRANSMITTAL 

Transmitted herewith for filing is the patent application of 
Inventor(s): 1. JAN ADRIANUS VERSCHOOR 

2. ANNELENAERTS 

3. ELZBIETA JOHANNSEN 



WARNING: 37 C.F.R. Section 1.41(a)(1) points a 

"(a) A patent is applied for in the nan 



! of the actual it 



(1) The inventorship of a nonprovisional application is that inventorship set forth in the oath or 
declaration as prescribed by Section 1.63, except as provided for in Section 1.53(d)(4) and Section 1.63(d). If ai 
oath or declaration as prescribed by Section 1.63 is not filed during the pendency of a nonprovisional 
application, the inventorship is that inventorship set forth in the application papers filed pursuant to Section 
1.53(b), unless a petition under this paragraph accompanied by the fee set forth in Section 1.17(1) is filed 
supplying or changing the name or names of the it 



For (title): COMPOSITION COMPRISING A CARIOER AND A PURIFIED 

MYCOBACTERIAL LIPID CELL-WALL COMPONENT AND ITS USE IN THE 
PREVENTION, TREATMENT AND DIAGNOSIS OF DISEASE 



CERTIFICATION UNDER 37 C.F.R. 1.10* 

(Express Mail label number is mandatory.) 
(Express Mail certification is optional.) 

I hereby certify that this correspondence and the documents referred to as attached therein are being deposited with the 
United States Postal Service on this date OCTOBER 25, 2000 , in an envelope as "Express Mail Post Office to Addressee", 
m ailing Label Numbe r EL699732331US . addressed to the Assistant Commissioner for Patents, Washington, D.C. 20231. 

IBIS CARRILLO 



(typed. 

Signature of person mailing paper 



WARNING: 



* WARNING: 



■s of 37 C.F.R. 1.8 cannot be used 
•.s Mail" mailing label 



Certificate of mailing (first class) or facsimile transmission procedur 
to obtain a date of mailing or transmission for this correspondence. 
Each paper or fee filed by "Express Mail" must have the number of the "Expres. 
placed thereon prior to mailing. 37 C.F.R. 1.10(b) 
"Since the filing of correspondence under § 1 10 without the Express Mail mailing label thereon is an 
oversight that can be avoided by the exercise of reasonable care, requests for waiver of this requirement 
EXPRES S IVf^iK'frA^SEtr" " ^^^^'^^ °f ^'^^^ 56,442. 
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1. Type of Application 



This new application is for a(n) 



(check one applicable item below) 



[ ] 
[ ] 
[ ] 



Original (nonprovisional) 

Design 

Plant 



WARNING: 



Do not use this transmittal for a completion in the U.S. of an International Application un 
371(c)(4), unless the International Application is being filed as a divisional, continuation 
continuation-in-part application. 



under 35 U.S.C 



WARNING: 



Do not use this transmittal for the filing of a provisional application. 



NOTE: If one of the following 3 items apply, then complete and attach ADDED PAGES FOR NEW APPLICATION 

TRANSMITTAL WHERE BENEFIT OF A PRIOR U.S. APPLICATION CLAIMED and a NOTIFICATION IN 
PARENT APPLICATION OF THE FILING OF THIS CONTINUATION APPLICATION. 

[X] Divisional. 

[ ] Continuation. 

[ ] Continuation-in-part (C-I-P). 



2. Benefit of Prior U.S. Application(s) (35 U.S.C. Sections 1 19(e), 120, or 121) 

NOTE: A nonprovisional application may claim an invention disclosed in one or more prior filed copending 

nonprovisional applications or copending international applications designating the United States of America. In 
order for a nonprovisional application to claim the benefit of a prior filed copending nonprovisional application 
or copending international application designating the United States of America, each prior application must 
name as an inventor at least one inventor named in the later filed nonprovisional application and disclose the 
named inventor's invention claimed in at least one claim of the later filed nonprovisional application in the 
manner provided by the first paragraph of 35 U.S.C. Section 112. Each prior application must also be: 

(I) An international application entitled to a filing date in accordance with PCT Article 11 and 
designating the United States of America; or 

(ii) Complete as set forth in Section 1.51(b); or 

(Hi) Entitled to a filing date as set forth in Section 1.53(b) or Section 1.53(d) and include the basic filing 
fee set forth in Section 1.16; or 

(iv) Entitled to a filing date as set forth in Section 1.53(b) and have paid therein the processing and 
retention fee set forth in Section 1.21(1) within the time period set forth in Section 1 530). 

37 C.FR. Section 1.78(a)(1). 
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NOTE If the new application being transmitted is a divisional, continuation or a continuation-in-part of a parent case, 
or where the parent case is an International Application which designated the U.S., or benefit of a prior 
provisional application is claimed, then check the following item and complete and attach ADDED PAGES FOR 
NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICATION (S) CLAIMED. 

WARNING: If an application claims the benefit of the filing date of an earlier filed application under 35 U.S.C. 1 20, 

121 or 365(c), the 20-year term of that application will be based upon the filing date of the earliest U.S. 
application that the application makes reference to under 35 U.S.C. 120, 121 or 365(c). (35 U.S.C 
154(a)(2) does not take into account, for the determination of the patent term, any application on which 
priority is claimed under 35 US C. 119, 365(a) or 365(b).) For a c-I-p application, applicant should 
review whether any claim in the patent that will issue is supported by an earlier application and, if not, 
the applicant should consider canceling the reference to the earlier filed application. The term of a 
patent is not based on a claim-by-claim approach See Notice of April 14, 1995, 60 Fed. Reg. 20,195. at 
20,205. 



NG: When the last day of pendency of a provisional application falls on a Saturday, Sunday, or Federal 

holiday within the District of Columbia, any nonprovisional application claiming benefit of the 
provisional application must be filed prior to the Saturday, Sunday, or Federal holiday within the 
District of Columbia. See 37 C.F.R. Section 1. 78(a)(3). 

[X] The new application being transmitted claims the benefit of prior U.S. application(s). 
Enclosed are ADDED PAGES FOR NEW APPLICATION TRANSMITTAL 
WHERE BENEFIT OF PRIOR U.S. APPLICATION(S) CLAIMED. 



3. Papers Enclosed 



A. Required for Filing Date under 37 C.F.R. Section 1.53(b) (Regular) or 37 C.F.R. 
Section 1.153 (Design) Application 



199 Pages of Specification 

8 Pages of Claims 
38 Sheets of Drawing 



WARNING: DO NOT submit original drawings. A high quality copy of the drawings should be supplied when filing 

a patent application. The drawings that are submitted to the Office must be on strong, white, smooth, 
and non-shiny paper and meet the standards according to Section 1. 84. If corrections to the drawings 
are necessary, they should be made to the original drawing and a high-quality copy of the corrected 
original drawing then submitted to the Office. Only one copy is required or desired. For comments on 
proposed then-new 37 C F.R. 1.84, see Notice of March 9, 1988 . (1990O.G. 57-62). 



NOTE: "Identifying indicia, if provided, should include the application number or the title of the invention, inventor's 
name, docket number (if any), and the name and telephone number of a person to call if the Office is unable to 
match the drawings to the proper application. This information should be placed on the back of each sheet of 
drawing a minimum distance of 1.5 cm. (5/8 inch) down from the top of the page. . ." 37 C.F.R. Section 1.84(c)). 



(complete the following, if applicable) 

[ ] The enclosed drawing(s) are in color, and there is also attached a "PETITION TO 
ACCEPT COLOR DRAWING(S)." 37 C.F.R. Section 1.84(b). 



[X] Formal 
[ ] Informal 
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B. Other Papers Enclosed 

8 Pages of declaration and power of attorney 

Pages of Abstract 

Other 

4. Additional Papers Enclosed 

[X] Amendment to claims 

[X] Cancel in this applications claims 2-58 before calculating the filing fee. 
(At least one original independent claim must be retained for filing 
purposes.) 

[X] Add the claims shown on the attached amendment. (Claims added have been 
numbered consecutively following the highest numbered original claims.) 

[ ] Preliminary Amendment 

[ ] Liformation Disclosure Statement (37 C.F.R. Section 1.98) 
[ ] Form PTO-1449 (PTO/SB/08A and 08B) 
[ ] Citations 

[ ] Declaration of Biological Deposit 

[ ] Submission of "Sequence Listing," computer readable copy and/or amendment 

pertaining thereto for biotechnology invention containing nucleotide and/or amino 
acid sequence. 

[ ] Authorization of Attomey(s) to Accept and Follow Instructions from Representative 
[ ] Special Comments 
[ ] Other 



5. Declaration or Oath (including power of attorney) 

NOTE: A newly executed declaration is not required in a continuation or divisional application provided the prior 

nonprovisional application contained a declaration as required, the application being fded is by all or fewer than 
all the inventors named in the prior application, there is no new matter in the application being fded, and a copy 
of the executed declaration filed in the prior application (showing the signature or an indication thereon that it 
was signed) is submitted. The copy must be accompanied by a statement requesting deletion of the names of 
person(s) who are not inventors of the application being filed. If the declaration in the prior application was filed 
under Section 1.47 then a copy of that declaration must be filed accompanied by a copy of the decision granting 
Section 1.47 status or, if a nonsigning person under Section 1.47 has subsequently joined in a prior application, 
then a copy of the subsequently executed declaration must beflled. See 37 C.F.R. Section 1.63(d)(l)-(3). 

NOTE: A declaration filed to complete an application must be executed, identify the specification to which it is directed, 
identify each inventor by full name, including the family name, and at least one given name without abbreviation 
together with any other given name or initial, and the residence, post office address and country of citizenship of 
each inventor, and state whether the inventor is a sole or joint inventor. 37 C.F.R. Section 1 .63(a)(I)-(4). 

NOTE: A The inventorship of a nonprovisional application is that inventorship set forth in the oath or declaration as 
prescribed by Section 1.62, except as provided for in Section 1.53(d)(4) and Section 1.63(d). If an oath or 
declaration as prescribed by Section 1.63 is not filed during the pendency of a nonprovisional application, the 
inventorship is that inventorship set forth in the application papers filled pursuant to Section 1.53(b), unless a 
petition under this paragraph accompanied by the fee set forth in Section 1. 1 7(1) is filed supplying or changing 
the name or names of the inventor or inventors 37 CF.R. Section 1.41(a)(1). 
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[X] Enclosed 



Executed by 



(check all applicable boxes) 



[X] inventor(s). 

[ ] legal representative of mventor(s). 37 C.F.R. Section 1.42 or 1.43. 
[ ] j oint inventor or person showing a proprietary interest on behalf of inventor 
who refused to sign or cannot be reached. 

[ ] This is the petition required by 37 C.F.R. Section 1 .47 and the 

statement required by 37 C.F.R. Section 1.47 is also attached. See 
item 13 below for fee. 

[ ] Not Enclosed. 

NOTE: Where the filing is a completion in the U.S. of an International Application, or where the completion of the U.S. 

application contains subject matter in addition to the International Application, the application may be treated a 
a continuation or continuation-in-part, as the case may be, utilizing ADDED PAGE FOR NEW APPLICATION 
TRANSMITTAL WHERE BENEFIT OF PRIOR U.S APPLICATION CLAIMED. 

[ ] Application is made by a person authorized under 37 C.F.R. 1 .41 on behalf 
of all the above named inventor (s). 

(The declaration or oath, along with the surcharge required by 37 C.F.R. Section 1.16(e), 
can be filed subsequently). 



[ ] 



Showing that the filing is authorized. 

(not required unless called into question. 37 C.F.R. Section 1. 41(d)) 



6. 



Inventorship Statement 



WARNING: 



If the named inventors are each not the ir. 
ownership of the various claims at the tin 



e inventors of all the claims an expla 
time the last claimed invention was 



lanation, including the 
s made, should be submitted. 



The inventorship for all the claims in this application are: 



[ ] 



The same. 



or 



[ ] 



Not the same. An explanation, including the ownership of the various claims at the 
time the last claimed invention was made, 
[ ] is submitted. 



will be submitted. 
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7. Language 



NOTE: An application including a signed oath or declaration may be filed in a language other than English. An English 
translation of the non-English language application and the processing fee of $130.00 required by 37 C F.R. 
Section 1.17(k)is required to be filed with the application, or with in such time as may be set by the Office. 3 7 
C.FR Section 1 52(d). 

[X] English 

[ ] Non-English 

[ ] The attached translation includes a statement that the translation is accurate. 
37C.F.R. Section 1.52(d). 



8. Assignment 

[X] An assignment of the invention to ADCOCK INGRAM LIMITED 



[ ] is attached. A separate [ ] "COVER SHEET FOR ASSIGNMENT (DOCU- 
MENT) ACCOMPANYING NEW PATENT APPLICATION" or [ ] 
FORM PTO 1595 is also attached. 

[ ] will follow. 

[X] has been recorded at Reel 010853 . Frame 0320 on Mav 25. 2000 

NOTE ■ "If an assignment is submitted with a new application, send two separate letters-one for the application and one 
for the assignment" Notice of May 4, 1990 (1 114 O G. 77-78). 

WARNING: A newly executed "STA TEMENT UNDER 37 C.F R. Section 3.73(b) " must be filed when a continuation- 

in-part application is filed by an assignee. Notice of April 30, 1993, 1150 O.G. 62-64. 



9. Certified Copy 

Certified copy(ies) of application(s) 



Country 


Appln. no. 


Filed 


Country 


Appln. no. 


Filed 



Country Appln. no. Filed 



from which priority is claimed 
[ ] is (are) attached. 
[ ] will follow. 

[ ] was filed in parent application 

NOTE. The foreign application forming the basis for the claim for priority must be referred to in the oath or declaration. 
37 C.F.R. Section 1.55(a) and 1.63. 

NOTE: This item is for any foreign priority for which the application being filed directly relates. If any parent U.S. 

application or International Application from which this application claims benefit under 35 U.S.C. 120 is itself 
entitled to priority from a prior foreign application, then complete item 18 on the ADDED PAGES FOR NEW 
APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICATION(S) CLAIMED. 
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10- Fee Calculation (37 C.F.R. Section 1.16) 
A. [X] Regular application 



CLAIMS AS FILED 



Claims Number Filed Basic Fee Number Extra Rate Basic Fee 

Allowance 37 C.F.R. 

Section 1.16(a) 
$710.00 

Total Claims 

(37 C.F.R. Section 6 -20= x $18.00 

1.16(c)) 



Independent Claims 

(37 C.F.R. Section 2 - 3 = x $ 80.00 

1.16(b)) 



Multiple Dependent 

Claim(s),ifany + $270.00 

(37 C.F.R. Section 

1.16(d)) 



[ ] Amendment cancelling extra claims is enclosed. 

[ ] Amendment deleting multiple-dependencies is enclosed. 

[ ] Fee for extra claims is not being paid at this time. 

NOTE: If the fees for extra claims are not paid on filing they must be paid or the claims cancelled by amendment, prior to 
the expiration of the time period set for response by the Patent and Trademark Office in any notice of fee deficiency 
37 C.F.R. Section 1.16(d). 

Filing Fee Calculation $ 710.00 



B. [ ] Design application 

($320.00-37 C.F.R. Section 1.16(f)) 

Filing Fee Calculation $. 



C. [ ] Plant application 

($490.00-37 C.F.R. Section 1.16(g)) 

Filing Fee Calculation $. 
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1 1 . Small Entity Stateinent(s) 



[ ] 



[ ] Statement(s) that this is a fihng by a small entity under 37 C.F.R. Section 1 .9 and 1 .27 
is (are) attached. 

'NG: "Status as a small entity must be specifically established in each application or patent in which the status 

is available and desired. Status as a small entity in one application or patent does not affect any other 
application or patent, including applications or patents which are directly or indirectly dependent upon the 
application or patent in which the status has been established. The refiling of an application under Section 
1.53 as a continuation, division, or continuation-in-part (including a continued prosecution application 
under Section 1.53(d)), or the filing of a reissue application requires a new determination as to continued 
entitlement to small entity status for the continuing or reissue application. A nonprovisional application 
claiming benefit under 35 U.S. C. 1 19(e), 120, 121, or 365(c) of a prior application, or a reissue application 
may rely on a statement filed in the prior application or in the patent if the nonprovisional application or 
the reissue application includes a reference to the statement in the prior application or in the patent or 
includes a copy of the statement in the prior application or in the patent and status as a small entity is still 
proper and desired. The payment of the small entity basic statutory filing fee will be treated as such a 
reference for purposes of this Section. " 37 C.F.R. Section 1.28(a)(2). 

ING: "Small entity status must not be established when the person or persons signing the . . . statement can 

unequivocally make the required self-certification." M.P.E. P. Section 509 03, 6th ed., rev. 2, July 1996 
(emphasis added). 



(complete the following, if applicable) 
a small entity was claimed in prior application 

, filed on from which benefit is being claimed 



35 U.S.C. Section 



[ ] 
[ ] 
[ ] 
[ ] 



119(e) - provisional, 

120 - continuation, 

121 divisional, 
365(c) - PCT, 



and which status as a small entity is still proper and desired. 

[ ] A copy of the statement in the prior application is included. 

Filing Fee Calculation (50% of A, B or C above) $_ 



NOTE. Any excess of the full fee paid will be refunded if a small entity status is established refund request are filed within 
2 months of the date of timely payment of a full fee. The two-month period is not extendable under Section 1.136.37 
C.F.R. Section 1.28(a). 



12. Request for International-Type Search (37 C.F.R. Section 1 .104(d)) 

(complete, if applicable) 

[ ] Please prepare an international-type search report for this application at the time when 
national examination on the merits takes place. 



(New Application Transmittal—page 8 of 1 2) 4-1 



13. 



Fee Payment Being Made at This Time 



[ ] Not Enclosed 

[ ] No filing fee is to be paid at this time. 

(This and the surcharge required by 37 C.F.R. Section 1.16(e) can be paid 
subsequently.) 

[X] Enclosed 

[X] Filing fee $ 710.00 

[ ] Recording assignment 

($40.00; 37 C.F.R. Section 1.21(li)) 
(See attached "COVER SHEET FOR 
ASSIGNMENT ACCOMPANYING NEW 

APPLICATION.") $ 

[ ] Petition fee for filing by other 
than all the inventors or person 
on behalf of the inventor where 
inventor refused to sign or cannot 
be reached 

($130.00; 37 C.F.R. Sections 1.47 and 1.17(1)) $ 

[ ] For processing an application with a 

specification in a non-English language 

($130.00; 37 C.F.R. Sections 1.52(d) and 1.1 7(k)) $ 

[ ] Processing and retention fee 

($130.00; 37 C.F.R. Sections 1.53(d) and 1.21(1)) $ 

[ ] Fee for international-type search report 

($40.00; 37 C.F.R. Section 1.21(e)) $ 

NOTE. 37CF.R- Section 1.21(1) establishes afeefor processing and retaining any application that is abandoned for failing 
to complete the application pursuant to37CF.R. Section 1.53(f) and this, as well as the changes to 37 C.F.R. Section 
1.53 and 1. 78(a)(l ), indicate that in order to obtain the benefit of a prior U.S. application, either the basic filing fee 
must be paid, or the processing and retention fee of Section 1.21(1) mustbepaid, within 1 year from notification under 
Section 53(f). 

Total Fees Enclosed $ 7^0.00 
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14. 



Method of Payment of Fees 



[X] Check in the amount of $ 710.00 . 

[ ] Charge Account No. in the amount of $ . 

A duplicate of this transmittal is attached. 

NOTE: Fees should be itemized in such a manner that it is clear for which purpose the fees are paid. 37 C.F.R. Section 
1.22(b). 



15. Authorization to Charge Additional Fees 

WARNING: If no fees are to be paid on filing, the following items should not be completed. 

WARNING: Accurately count claims, especially multiple dependent claims, to avoid unexpected high charges, if extra 

claim charges are authorized 

[X] The Commissioner is hereby authorized to charge the following additional fees by this 
paper and during the entire pendency of this application to Account No. 12-0425 . 

[X] 37 C.F.R. Section 1 .16(a), (f) or (g) (filing fees) 

[ ] 37 C.F.R. Section 1.16(b), (c) and (d) (presentation of extra claims) 

NOTE. Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation must only 
be paid or these claims cancelled by amendment prior to the expiration of the time period set for response by the PTO 
in any notice of fee deficiency (37 C F R. Section 1.16(d)), it might be best not to authorize the PTO to charge 
additional claim fees, except possibly when dealing with amendments after final action 

[ ] 37 C.F.R. Section 1.16(e) (surcharge for filing the basic filing fee and/or 
declaration on a date later than the filing date of the application) 

[ ] 37 C.F.R. Section 1 .17(a)(l)-(5) (extension fees pursuant to Section 1 .136(a). 

[X] 37 C.F.R. Section 1.17 (application processing fees) 

NOTE- "A written request may be submitted in an application that is an authorization to treat any concurrent or future reply, 
requiring a petition for an extension of time under this paragraph for its timely submission, as incorporating a petition 
for extension of time for the appropriate length of time An authorization to charge all required fees, fees under 
Section 1.17, or all required extension of time fees will be treated as a constructive petition for an extension of time 
in any concurrent or future reply requiring a petition for an extension of time under this paragraph for its timely 
submission. Submission of the fee set forth in Section 1.17(a) will also be treated as a constructive petition for an 
extension of time in any concurrent reply requiring a petition for an extension of time under this paragraph for its 
timely submission." 37 C.F.R. Section 1 136(a)(3). 

[ ] 37 C.F.R. Section 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. Section 1.311(b)) 
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NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing of a Notice of 
Allowance, the issue fee will be automatically charged to the deposit account at the time of mailing the notice of 
allowance. 37 C.F.R. Section I 311(b)). 

NOTE: 3 7 C.F.R. Section 1.28(b) requires "Notification of any change in status resulting in loss of entitlement to small entity 
status must be filed in the application . . prior to paying, or at the time of paying, . . issue fee. " From the wording 
of 37 C F.R. Section 1.28(b), (a) notification of change of status must be made even if the fee is paid as "other than 
a small entity" and (b) no notification is required if the change is to another small entity. 



16. Instructions as to Overpayment 

NOTE- ". . Amounts of twenty-five dollars or less will not be returned unless specifically requested within a reasonable time, 
nor will the payer be notified of such amounts; amounts over twenty-five dollars may be returned by check or, if 
requested, by credit to a deposit account." 37 C.F R. Section 1.26(a). 

[X] Credit Account No. 12-0425 . 



[ ] Refiind 
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Incorporation by reference of added pages 



(check the following item if the application in this transmittal claims the benefit of prior U.S. 
application(s) (including an international application entering the U.S. stage as a continuation, 
divisional or C-I-P application) and complete and attach the ADDED PAGES FOR NEW 
APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S APPLICATION(S) 
CLAIMED) 

[X] Plus Added Pages for New Application Transmittal Where Benefit of Prior U.S. 
Application(s) Claimed 

Number of pages added 5 

[ ] Plus Added Pages for Papers Referred to in Item 4 Above 

Number of pages added 



[ ] Plus added pages deleting names of inventor(s) named on prior application(s) who is/ are 
no longer inventor(s) of the subject matter claimed in this application. 

Number of pages added 

[ ] Plus "Assignment Cover Letter Accompanying New Application" 

Number of pages added 



Statement Where No Further Pages Added 

(if no further pages form a part of this Transmittal, then end this Transmittal with this page and 
check the following item) 

[ ] This transmittal ends with this page. 
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Practitioner's Docket No. U 013022-9 



PATENT 



ADDED PAGES FOR APPLICATION TRANSMITTAL WHERE BENEFIT OF 
PRIOR U.S. APPLICATION(S) CLAIMED 

NOTE: See37CFR178 

17. Relate Back 

WARNING: If an application claims the benefit of the filing date of an earlier filed application under 35 U.S.C. 120, 121 
or 365(c) the 20-year term of that application will be based upon the filing date of the earliest U.S. 
application that the application makes reference to under 35 U.S.C. 120, 121 or 365(c). (35 U.S.C. 154(a)(2) 
does not take into account, for the determination of the patent term, any application on which priority is 
claimed under 35 U.S.C. 119, 365(a) or 365(b).) For a c-i-p application, applicant should review whether 
any claim in the patent that will issue is supported by an earlier application and, if not, the applicant should 
consider canceling the reference to the earlier filed application. The term of a patent is not based on a claim- 
by-claim approach. See Notice ofAprd 14. 1995, 60 Fed. Reg. 20.195, at 20,205. 

(complete the following, if applicable) 
[X] Amend the specification by inserting, before the first Une, the following sentence: 
A. 35 U.S.C. 119(e) 

NOTE- '-Any nonprovisional application claiming the benefit of one or more prior filed copending provisional 

applications must contain or be amended to contain in the first sentence of the specification following the title a 
reference to each such prior provisional application, identifying it as a provisional application, and including the 
provisional application number (consisting of series code and serial number). " 37 C.F.R. § 1.78(a)(4). 

[ ] "This application claims the benefit of U.S. Provisional Application(s) No(s).: 
APPLICATION NO(S).: FILING DATE 



and incorporates the same by reference." 
B. 35 U.S.C. 120, 121 and 365(c) 



"Except for a continued prosecution application filed under § 1 .53(d), any nonprovisional application claiming 
the benefit of one or more prior filed copending nonprovisional applications or international applications 
designating the United States of America must contain or be amended to contain in the first sentence of the 
specification following the title a reference to each such prior application, identifying it by application number 
(consisting of the series code and serial number) or international application number and international filing date 
and indicating the relationship of the applications . . . Cross-references to other related applications may be 
made when appropriate. " (See § 1.14(a)) 37 C.F.R. § 1.78(a)(2). 
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EXPRESS MAIL LABEL 
NO.:EL699732331US 



[X] 



"This application is a 



[ ] continuation 

[ ] continuation-in-part 

[X] divisional 



[X] application number 09/388.725 filed on SEPTEMBER!. 1999 , 
[X] which is a CIP of 

[X] hitemational Application PCT/GB98/00681 filed on MARCH 3, 1998 and which 
designated the U.S., 

claims the benefit thereof and incorporates the same by reference." 

NOTE ■ The proper reference to a prior filed PCT application that entered the U.S. national phase is the U.S. serial 
number and the filing date of the PCT application that designated the U.S. 

NOTE: (1) Where the application being transmitted adds subject matter to the International Application, then the filing 
can be as a continuation-in-part or (2) if it is desired to do so for other reasons then the filing can be as a 
continuation. 

NOTE: The deadline for entering the national phase in the U. S for an international application was clarified in the 
Notice of April 28, 1987 (1079 O.G 32 to 46) as follows: 

"The Patent and Trademark Office considers the International application to be pending until the 22nd month 
from the priority date if the United States has been designated and no Demand for International Preliminary 
Examination has been filed prior to the expiration of the 19th month fi-om the priority date and until the 32nd 
month from the priority date if a Demand for International Preliminary Examination which elected the United 
States of America has been filed prior to the expiration of the 19th month from the priority date, provided that a 
copy of the international application has been communicated to the Patent and Trademark Office within the 20 or 
30 month period respectively. If a copy of the international application has not been communicated to the Patent 
and Trademark Office within the 20 or 30 month period respectively, the international application becomes 
abandoned as to the United States 20 or 30 months from the priority date respectively. These periods have been 
placed in the rules as paragraph (h) of§ 1.494 and paragraph ft) of § 1.495. A continuing application under 35 
US.C 365(c) and 120 may be filed anytime during the pendency of the international application. " 

[ ] "The nonprovisional application designated above, namely application 

j , filed , claims 

the benefit of U.S. Provisional Application(s) No(s).: 



APPLICATION NO(S).: FILING DATE 



[ ] Where more than one reference is made above please combine all references into one 
sentence. 
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18. Relate Back — 35 U.S.C. 119 Priority Claim for Prior Application 



The prior U.S. application(s), including any prior Intemational Application designating the U.S., 
identified above in item 17B, in turn itself claini(s) foreign priority(ies) as follows: 



The certified copy(ies) has (have) 

[X] been filed in prior application PCT/GB98/00681 . which was filed on March 3, 1998. 
[ ] is (are) attached. 

WARNING: The certified copy of the priority application that may have been communicated to the PTO by the 



International Bureau may not be relied on without any need to file a certified copy of the priority 
application in the continuing application. This is so because the certified copy of the priority 
application communicated by the International Bureau is placed in a folder and is not assigned a U.S. 
serial number unless the national stage is entered. Such folders are disposed of if the national stage is 
not entered. Therefore, such certified copies may not be available if needed later in the prosecution of a 
continuing application. An alternative would be to physically remove the priority documents from the 
folders and transfer them to the continuing application. The resources required to request transfer, 
retrieve the folders, make suitable record notations, transfer the certified copies, enter and make a 
record of such copies in the Continuing Application are substantial. Accordingly, the priority 
documents in folders of international applications that have not entered the national stage may not be 
relied on. Notice of April 28, 1987 (1079 O.G. 32 to 46). 



19. Maintenance of Copendency of Prior Application 

NOTE: The PTO finds it useful if a copy of the petition filed in the prior application extending the term for response is 
filed with the papers constituting the filing of the continuation application. Notice of November 5, 1 985 (1060 
O.G. 27). 

A. [ ] Extension oftime in prior apphcation 

(This item must be completed and the papers filed in the prior application, if the period set in the 
prior application has run.) 

[ ] A petition and fee extends the term in the pending prior application until 

[ ] A copy of the petition filed in prior application is attached. 
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SOUTH AFRICA 
SOUTH AFRICA 
Country 



97/1817 
97/10300 



MARCH 3, 1997 
NOV. 14. 1997 



Appln. no. 



Filed 



B. 



[X] Conditional Petition for Extension of Time in Prior Application 

[X] A conditional petition for extension of time is being filed in the pending prior application. 
[X] A copy of the conditional petition filed in the prior application is attached. 



C. [ ] No extension is necessary in Prior Application 
[ ] Issue Fee paid . 

20. Further Inventorship Statement Where Benefit of Prior Application(s) Claimed 

(complete applicable item (a), (b) and/or (c) below) 

(a) [ ] This appHcation discloses and claims only subject matter disclosed in the prior application 
whose particulars are set out above and the inventor(s) in this application are 

[ ] the same. 

[ ] less than those named in the prior application. It is requested that the following 
inventor(s) identified for the prior application be deleted: 

(type name(s) of inventor(s) to be deleted) 

(b) [ ] This application discloses and claims additional disclosure by amendment and a new 
declaration or oath is being filed. With respect to the prior application, the inventor(s) in this 
application are 

[ ] the same. 

[ ] the following additional inventor(s) have been added: 

(type name(s) of inventor(s) to be deleted) 

(c) [ ] The inventorship for all the claims in this application are 

[ ] the same. 

[ ] not the same. An explanation, including the ownership of the various claims at the time 
the last claimed invention was made 

[ ] is submitted. 

[ ] will be submitted. 
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21. Abandonment of Prior Application (if applicable) 



[ ] Please abandon the prior application at a time while the prior application is pending, or when 
the petition for extension of time or to revive in that application is granted, and when this 
application is granted a filing date, so as to make this application copending with said prior 
application. 

NOTE: According to the Notice of May 13, 1983 (103, TMOG 6-7), the filing of a continuation or continuation-in-part 
application is a proper response with respect to a petition for extension of time or a petition to revive and should 
include the express abandonment of the prior application conditioned upon the granting of the petition and the 
granting of a filing date to the continuing application. 

22. Petition for Suspension of Prosecution for tlie Time Necessary to File an Amendment 

WARNING: "The claims of a new application may be finally rejected in the first Office action in those situations where 
(1 ) the new application is a continuing application of or a substitute for, an earlier application, and (2) all 
the claims of the new application (a) are drawn to the same invention claimed in the earlier application, and 
(b) would have been properly finally rejected on the grounds of art of record in the next Office action if they 
had been entered in the earlier application. " MPEP, § 706.07(b). 

NOTE: Where it is possible that the claims on file will give rise to a first action final for this continuation application and 
for some reason an amendment cannot be filed promptly (e.g., experimental data is being gathered) it may be 
desirable to file a petition for suspension of prosecution for the time necessary. 

(check the next item, if applicable) 

[ ] There is provided herewith a Petition To Suspend Prosecution for the Time Necessary to File 
An Amendment (New Application Filed Concurrently) 

23. Small Entity (37 CFR § 1.28(a)) 

[ ] Applicant has established small entity status by the filing of a statement in parent application 
on . 

[ ] A copy of the statement previously filed is included. 

WARNING: See 3 7 CFR § 1.28(a). 

24. NOTIFICATION IN PARENT APPLICATION OF THIS FILING 

[X] A notification of the filing of this 
(check one of the following) 

[ ] continuation 

[ ] continuation-in-part 

[X] divisional 

is being filed in the parent application, from which this application claims priority under 35 U.S.C. § 
120. 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Jan Andrianus VERSCHOOR, et al 

For: COMPOSITION COMPRISING A CARRIER AND A PURIFIED MYCOBACTERIAL 
LIPID CELL-WALL COMPONENT AND ITS USE IN THE PREVENTION, 
TREATMENT AND DIAGNOSIS OF DISEASE 

Attorney Docket No. : U-0 1 3 022-9 

Commissioner Patents and Trademarks 
Washington, DC 20231 

PRELIMINARY AMENDMENT 

Sir: 

Prior to an examination of this application on the merits, please amend the above 
application as follows: 



IN THE SPECIFICATION : 



Pages 1 and 2 (PCT title pages), line 1 to last line delete "PCT ... Zimbabwe" 
Page 208, line 1 (page number), change ""208" to - 207- 



CERTIFICATE OF MAILING (37 CFR 1.10) 

I hereby certify that this paper is being deposited with the United States Postal Service on this 
date October 25. 2000 in an envelope as "EXPRESS MAIL POST OFFICE TO 
ADDRESSEE" Mailing Label Number EL699732331US addressed to the: Commissioner of 
Patents and Trademarks, Washington, DC 2023 1 

IBIS CARRILLO 
(Type or print name of person mailing paper) 

(Signature of person mailing paper) 

NOTE: Each paper or fee referred to as enclosed herein has the number of the "EXPRESS 
MAIL" mailing label placed thereon prior to mailing 37 CFR 1.1 6(b). 



IN THE CLAIMS ; 



Please cancel claims 1-58. 

Please add the following new claims. 

Claim 59 A method of diagnosing a mycobacterial infection in a subject 

comprising the steps of: 

contacting a sample from the subject with a purified mycobacterial 
lipid cell- wall component or analog or derivative thereof or a synthetic form thereof or with a 
composition comprising a purified mycobacterial lipid cell-wall component or analog or 
derivative thereof or synthetic form thereof or with a conjugate comprising a purified 
mycobacterial lipid cell-wall component or analog or derivative thereof or synthetic form 
thereof and a carrier associated therewith or a composition comprising the conjugate; and 

detecting any reaction between the purified mycobacterial lipid cell- 
wall component or analog or derivative thereof or synthetic form thereof or composition or 
conjugate and the sample. 

Claim 60 A method according to claim 59, wherein the step of detecting any 

reaction between the purified mycobacterial lipid cell-wall component or analog or derivative 
thereof or synthetic form thereof or composition or conjugate and the sample comprises 
detecting the binding of an antibody present in the sample to the purified mycobacterial lipid 

-2- 



cell-wall component or analog or derivative thereof or synthetic form thereof or composition 
or conjugate. 

Claim 6 1 A method according to claim 59, wherein the purified lipid cell-wall 

component or analog or derivative or synthetic form thereof is a purified mycolic acid or 
analog or derivative thereof or synthetic form thereof or mixture of purified mycolic acids or 
analog or derivative or synthetic form thereof 

Claim 62 Detection means for detecting the presence of antibodies to a purified 

mycobacterial lipid cell-wall component or analog or derivative thereof or synthetic form 
thereof or to a composition comprising the purified mycobacterial lipid cell-wall component 
or analog or derivative thereof or synthetic form thereof or to a conjugate comprising the 
purified mycobacterial lipid cell-wall component or analog or derivative thereof or synthetic 
form thereof and a carrier associated therewith or to a composition comprising the conjugate 
comprising: 

a solid phase; and 

a purified mycobacterial lipid cell-wall component or analog or 
derivative thereof or synthetic form thereof or a composition comprising the purified 
mycobacterial lipid cell-wall component or analog or derivative thereof or synthetic form 
thereof or a conjugate comprising the purified mycobacterial lipid cell-wall component or 
analog or derivative thereof or synthetic form thereof and a carrier, or a composition 
comprising the conjugate, associated therewith. 

-3- 



Claim 63 Detection means according to claim 62, wherein the purified 

mycobacterial lipd cell-wall component or analog or derivative or synthetic form thereof is a 
purified my colic acid or analog or derivative or synthetic form thereof or mixture of purified 
mycolic acids or analog or derivative or synthetic form thereof. 

Claim 64 Detection means according to claim 62, wherein the solid phase is an 

ELISA plate. 

IN THE ABSTRACT : 



Please provide the following Abstract of the Disclosure on a separate page: 



REMARKS 



The newly added claims are supported in the description, for example, as follows: 

Claims 59 - 61 : paragraph 5 on page 6 of the specification describes a method of 
diagnosing a microbial infection in a subject by contacting a sample from the subject with a 
conjugate comprising an organic carrier and a purified lipid cell-wall component. There is 
also a reference on page 25, paragraphs 2 and 5 and on page 26, paragraph 1 to the 
development and production of diagnostic tests for the confirmation of mycobacterial cells in 
samples based on the detection of antibodies against purified lipid cell wall components. 

Example 3 on pages 158 - 189 inter alia describes a method for detecting anti-my colic 
acids antibodies in patients' sera by contacting this sera with my colic acids and detecting 
reactions. More particularly, in paragraph 3.2. 1 7 on page 178 the screening of patient 
samples by means of an ELISA to detect the presence of antibodies to mycolic acids is 
described. The results of the screening are shown in Figure 29. In paragraph 3.2. 1 8 on 
pages 179 and 180 a composition ELISA was used to detect the presence of antibodies to 
mycolic acids and to confirm that the antibodies detected were in fact specific for mycolic 
acids. The results of the competition ELISA are shown in Figure 30. In paragraph 3.3.2 on 
pages 1 85 and 1 86 the results of these tests on human sera are discussed. 

On page 1 5 reference is made to the purified lipid cell-wall component being purified 
mycolic acid or a mixture of purified mycolic acids or a derivative from a bacterium or from a 
synthetic source. 

-5 - 



Claims 62-64: a method of forming a detection means for detecting anti-my colic 
acids antibodies in the form of a soUd phase, for example, an ELISA plate, coated with 
mycolic acids is described in paragraphs 7 and 8 on page 1 8. There is also a reference on 
page 25 in paragraphs 2 and 5 and on page 26 in paragraph 1 to the development and 
production of diagnostic tests for the confirmation of mycobacterial cells in samples based on 
the detection of antibodies against purified lipid cell wall components. 

Example 2 describes the production and use of ELISA plates to detect the presence of 
antibodies to purified mycolic acids. In paragraph 2.1.3.5 on pages 133 and 134 the reagents 
used in the production of an ELISA plate are discussed. In paragraph 2.2. 14 on pages 146 
and 147 a method of preparing detection means in the form of ELISA plates for detecting the 
presence of anti-mycolic acids antibodies in rat sera is described. Example 3 also describes 
the production and use of ELISA plates to detect the presence of antibodies to purified 
mycolic acids. In paragraph 3.1.3.4 on pages 161 and 162 the reagents used in the production 
of ELISA plates are discussed. In paragraph 3 .2. 1 7 on pages 1 78 and 1 79 a method for 
preparing detection means in the form of ELISA plates for detecting the presence of anti- 
mycolic acids antibodies in human sera samples are described. 

Again, on page 15 reference is made to the purified lipid cell-wall component being a 
purified mycolic acid or mixture of purified mycolic acids or a derivative fi-om a bacterium or 
from a synthetic source. 
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ABSTRACT 

A composition including a purified lipid cell-wall component or 
analog or derivative thereof and a suitable pharmaceutical carrier, medium, excipient 
or adjuvant is described. The composition is useful in prophylactic and therapeutic 
5 methods of treating a microbial infection in a subject, typically a mycobacterial 
infection such as tuberculosis, and immune disorders, inflammatory conditions and 
allergies in a subject, typically autoimumune diseases. It is also useful in diagnostic 
methods. The purified lipid cell-wall component is typically a purified mycolic acid 
or a mixture of purified mycolic acids from a bacterium which produces mycolic 
10 acids. The bacterium is from Mycobacterium, Corynebacterium, Nicardia or 
Rhodococcus. 
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A composition comprising a carrier and a purified mycobacterial lipid cell-wall 
component and its use in the prevention, treatment and diagnosis of disease. 

BACKGROUi^nD OF THE INYENTION 

This uivention relates to a composition comprising a purified mycobacterial 
lipid cell-wail component or analog or derivative thereof and a 
pharmaceutically acceptable excipient, medium, carrier or adjuvant and the 
use of die purified mycobacterial lipid cell-wall component or analog or 
derivative thereof and die composition containing it in die prevention, 
treatment and diagnosis of disease. 

It has been known for a long time that BCG*) vaccination leads to the 
induction of a "positive tuberculin skin test, resulting in delayed type 
hypersensitivity (DTH). This delayed hypersensitivity in mm has been 
considered to be indicative of the successftil induction of protective 
immunity against tuberculosis and has led to the almost world-wide BCG 
immimizarion in the 1950s- 1970s. This convenient test is in fact die only 
immunological criterion/parameter on which epidemiological assessments 
of the effectiveness of the immunization have been based. 

This view is no longer generally accepted and many immunologists are of 
the opinion that 

i) die induction of DTH is not directiy related to die degree of 
protective immunity; 

ii) die protective efficacy obtained in vaccination with BCG varies 
between 0 to 80% (Snider, 1994) 

•) BCG: (Bacillus of Calmcrtc and Gucrin) Calmcctc and Gucrin ancnuatcd a strain ofM. 
bovis by passaging it 231 times over a period of 13 years through a medium containing 
glycerine and ox-bile. 
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and in addition 



iii) BCG vaccination has detrimental side-effects being partially 
responsible for tissue destruction in patients, without offering 
sufficient protection (Fine, 1994). 

The unsatisfactory results observed and reponed in a number of countries 
with the BCG vaccine currently used for the prevention of the spread of 
tuberculosis (Dolin, Raviglione and Koch, 1994; Snider, 1994) could be 
explained by: 



i) variations between BCG vaccines, which could be catised by 
strain variation or by differences between manufacturing 
processes; 

ii) differences in pathogenesis of Mycobacterium tuberculosis; 

iii) differences in the exposure to the environmental mycobacteria. 
The environmental mycobacteria may act antagonistically or 
synergistically with BCG; 

iv) genetic differences between population groups subjected to 
vaccination with BCG; 



v) differences in nutrition and exposure to sunlight between 
various population groups; 

vi) differences between designs of various studies; 

vii) inadequacies of the criteria used for the evaluation of protective 
effects of vaccination with BCG. 
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Efforts directed at finding an effective vaccine capable of inducing long- 
lasting immunity have centered over the last decade on three main 
approaches: 

i) identifying "protective" antigens and epitopes of M. tuberculosis 
presented by macrophages and recognized by human 
lymphocytes; 

ii) developing a DNA-based vaccine widi protective antigen and 
interleukin genes (Lowrie et al., 1994); 

iii) identifying which types of cells of the immune system and 
which types of cytokines are involved in mberculosis in order 
to manipulate their activity towards offering a cure or protection 
against tuberculosis. 



SUMMARY OF THE INVENTION 

According to one aspect of the invention there is . provided a conjugate 
comprising an organic carrier and a purified lipid cell-wall component 
associated therewith, provided that if the organic carrier is a protein, it is 
not bovine serum albumin (BSA), gelatin, keyhole limpets haemocyanin or 
the CD I molecule. 

The organic carrier may be a protein excluding bovine serum albumin 
(BSA), gelatin, keyhole limpets haemocyanin and the CDj molecule. 

The protein may be a microbial protein. More specifically, it may be a 
modified bacterial protein and may be derived from a bacterium from the 
genus Mycobacterium, Corynebacterium, Nocardia ox Rhodococcus . It may 
be a heat-shock protein, such as heat-shock protein 60 (HSP60) or heat- 



shock protein 65 (HSP65), or it may be a serum protein from an animal. 
The animal may have a mycobacterial infection, such as a Mycobacterium 
tuberculosis infection. The animal may be a mammal, typically a human. 

Alternatively, the protein may be derived from a mammal, panicularly a 
human, and is preferably a protein which mimics the strucmre of collagen 
or a collagen-derived protein or a plasma protein, such as the collagen-like 
segment of human serum component Clq. 

Alternatively, the carrier may be a carbohydrate such as galactomannan or 
arabinogalactan or a lipopolysaccharide. 

Further alternatively, the organic carrier may be a micelle, such as a 
liposome. 

According to another aspect of the invention there is provided a diagnostic 
kit comprising a support containing a conjugate as described above 
immobilised thereon. 

According to another aspect of the invention there is provided a 
pharmaceutical composition which comprises a therapeutic, prophylactic or 
tolerogenic amount of a conjugate as described above or a conjugate 
comprising any organic carrier and a purified lipid cell-wall component or 
analog or derivative thereof associated therewith or a biologically active 
purified lipid cell-wall component or analog or derivative thereof and a 
pharmaceutically acceptable or compatible pharmaceutical excipient, 
medium, carrier or adjuvant. 

The organic carrier may be a protein including bovine serum albumin 
(BSA), gelatin, keyhole limpets haeraocyanin and the CDl molecule, or 
may be a carbohydrate or may be a micelle. 
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The pharmaceutical composition may also contain at least one 
immunomoduiator. The immunomodulator may be a cytokine. The 
cytokine may be an interleukin, such as interleukin 4 (IL4), interleukin 10 
(ILIO) or interleukin 12 (IL12), or may be an interferon. 

The suitable pharmaceutical carrier or adjuvant which may also be suitable 
for veterinary applications may be a solid, such as polymer dust, a liquid, 
such as an oil, typically Marcol 52, or a water-in-oil emulsion, typically 
Freund's Incomplete Adjuvant (HA), or a solution, typically a saline 
solution or PBS, in which case the composition may be in the form of a 
suspension or a vapourised liquid, typically a neubulisable physiological 
saline solution, or a gas, or a transdermal delivery system. 

The composition may comprise a therapeutic, prophylactic or tolerogenic 
amount of the purified lipid cell-wall component. 

The pharmaceutical composition may comprise about 5/ig or less, typically 
1/xg, of the purified lipid cell- wall component per ml of the composition. 

A unit dose of the pharmaceutical composition for administration to a 
human subject preferably comprises from about 5 to 10 mg of the purified 
lipid cell-wall component. 

According to another aspect of the invention there is provided a vaccine 
containing a purified lipid cell-wall component or analog or derivative 
thereof or a conjugate or a pharmaceutical composition as described above 
or a conjugate comprising any organic carrier and a purified lipid cell-wall 
component associated therewith for use in preventing an immune disorder 
or an inflammatory condition in a subject. 
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According to another aspect of the invention there is provided a vaccine 
containing a purified lipid cell-wall component or analog or derivative 
thereof or a conjugate or a pharmaceutical composition as described above 
or a conjugate comprising any organic carrier, except bovine serum albumin 
(BS A) and a purified lipid cell-wall component associated therewith, for use 
in preventing a microbial infection in a subject. 

The organic carrier may be a protein mcluding bovine serum albumin 

(BSA), gelatin, keyhole limpets haemocyanin and the CDl molecule, or ^ 

may be a carbohydrate or may be a micelle. 

According to another aspect of the invention diere is provided an isolated 
antibody which is capable of forming, separately, an antigen/antibody 
complex with any two or more of the following antigens: a purified lipid 
cell-wall component derived from a microorganism: a protein derived from 
a bacterial species or from a mammal; a conjugate as described above; and 
a conjugate comprising any organic carrier and a purified mycobacterial 
lipid cell-wall component associated therewith. 

The organic carrier may be a protein including bovine serum albumin ^ 
(BSA), gelatin, keyhole limpets haemocyanin and the CDl molecule, or 
may be a carbohydrate or may be a micelle. 

According to another aspect of the invention there is provided a method of 
diagnosing a microbial infection in a subject comprising the step of 
contacting a sample from the subject with a conjugate as described above 
or with a support containing a conjugate as described above; and detecting 
any reaction between the conjugate and the sample. 



More preferably, the method of diagnosis may comprise the step 
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detecting the binding of an antibody present in the sample to the conjugate. 

According to another aspect of the invention there is provided a conjugate 
or a pharmaceutical composition as described above for use in a method of 
diagnosis of a microbial infection in a subject. 

According to another aspect of the invention there is provided the use of a 
conjugate or a pharmaceutical composition as described above in a method 
of making a medicament for use in a method of diagnosis of a microbial 
infection in a subject. 

According to another aspect of the invention there is provided a purified 
lipid cell-wall component or analog or derivative thereof or a conjugate or 
a pharmaceutical composition as described above or a conjugate comprising 
any organic carrier and a purified lipid cell-v/all component associated 
therewith for use as a tolerogen to enhance resistance and/or reduce 
susceptibility to a microbial infection in a subject. 

According to another aspect of the invention there is provided the use of a 
purified lipid cell-wall component or analog or derivative thereof or a 
conjugate or a pharmaceutical composition as described above or a 
conjugate comprising any organic carrier and purified lipid cell-wall 
component associated therewith in a method of making a medicament for 
use as a tolerogen to enhance resistance and/or reduce susceptibility to a 
microbial infection in a subject. 

According to another aspect of the invention there is provided a purified 
-lipid cell-wall component or analog or derivative thereof or a conjugate or 
a pharmaceutical composition as described above or a conjugate comprising 
any organic carrier and a purified lipid cell-wall component associated 



therewith for use in a method of enhancing resistance or lowering 
susceptibility to microbial infections in a subject. 

According to another aspect of the invention there is provided use of a 
purified lipid cell-wall component or analog or derivative thereof or a 
conjugate or pharmaceutical composition as described above or a conjugate 
comprising any organic carrier and a purified lipid cell-wall component 
associated therewith in. a method of making a medicament for use in 
enhancing resistance or lowering susceptibility to microbial infections in a 
subject. 

According to another aspect of the invention there is provided a method of 
treatment of a microbial infection in a subject comprising the step of 
admdnistering to the subject a purified bacterial lipid cell-wall component or 
analog or derivative thereof or a pharmaceutical composition of the 
invention to the subject. 

According to another aspect of the invention there is provided a conjugate 
or a pharmaceutical composition as described above or a conjugate 
comprising any organic carrier and a purified lipid cell-wall component 
' associated therewith or a purified lipid cell-wall component or analog or 
derivative thereof for use in a method of treatment of a microbial infection 
in a subject. 

According to another aspect of the invention there is provided the use of a 
conjugate of pharmaceutical composition as described above or a conjugate 
- comprising any organic carrier and a purified lipid cell-wall component 
associated therewith or a purified lipid cell-wall component or analog or 
derivative thereof in a method of making a medicament for use in a method 
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of treatment of a microbial infection in a subject. 

The organic carrier may be a protein including bovine serum albumin 
(BSA), gelatin, keyhole limpets haemocyanin and the CDl molecule, or 
may be a carbohydrate or may be a micelle. 

The method of treatment may be a prophylactic and/or therapeutic method 
and may be a high zone tolerance treatment or may be a low zone tolerance 
treatment or a treatment aiming at an idiotypic regulation involving the 
conjugate or the antibody. 

The metiiod may be an immunoregulatory method. 

The method of treatment may be a prophylactic method which enhances 
resistance or reduces susceptibility to a microbial infection in a subject. 
The prophylactic method may promote an inflammatory response in an 
infected organ, typically the lungs, kidney and/or liver of the subject. The 
infected organ is usually the lungs. 

According to another aspect of the invention there is provided a method of 
treatment of an kmnune disorder in a subject comprising the step of 
ad mini stering to the subject a purified bacterial lipid cell-wall component or 
analog or derivative thereof or a pharmaceutical composition as described 
above. 

According to another aspect of the invention there is provided a purified 
lipid cell-wall component or analog or derivative thereof or a conjugate or 
•pharmaceutical composition as described above or a conjugate comprising 
any organic carrier and a purified lipid cell-wall component associated 
therewith for use in a method of treatment and/or diagnosis of an immune 



disorder in a subject. 



10 



According to another aspect of the invention there is provided the use of 
purified lipid cell-wall component or analog or derivative thereof or a 
conjugate or pharmaceutical composition as described above or a conjugate 
comprising any organic carrier and a purified lipid cell-wall component 
associated therewith in a method of making a medicament for use in a 
method of treatment and/or diagnosis of an autoimmtme disease in a subject. 

The organic carrier may be a protein including bovine serum albumin 
(BSA), gelatin, keyhole limpets haemocyanin and the CDl molecule, or 
may be a carbohydrate or may be a micelle. 

According to another aspect of die invention there is provided a purified 
lipid cell-wall component or analog or derivative thereof or a conjugate or 
pharmaceutical composition as described above or a conjugate comprising 
any organic carrier and a purified lipid cell-wall component associated 
therewith for use in a method of treatment and/or diagnosis of an 
inflammatory condition in a subject. 

According to another aspect of the invention there is provided the use of a 
purified lipid cell-wall component or analog or derivative thereof or a 
conjugate or pharmaceutical composition as described above or a conjugate 
comprismg any organic carrier and a purified lipid cell-wall component 
associated therewith in a method of making a medicament for use in a 
method of treatment and/or diagnosis of an inflammatory condition in a 
subject. 

The organic carrier may be a protein including bovine serum albumin 
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(BSA), gelatin, keyhole limpets haemocyanin and the GDI molecule, or 
may be a carbohydrate or may be a micelle. 

According to another aspect of the invention there is provided a method of 
diagnosing an immune disorder in a subject comprising the step of 
contacting a sample from the subject with a purified lipid cell-wall 
component or analog or derivative thereof or with a pharmaceutical 
composition as described above or with a conjugate as described above or 
with a conjugate comprising any organic carrier and a purified lipid cell- 
wall component associated therewith or with a support containing either 
conjugate; and detecting any reaction between the purified lipid cell-wall 
component or conjugate and the sample. 

More preferably, the method of diagnosis may comprise the step of 
detectmg the binding of an antibody present in the sample to the purified 
lipid cell- wall component or the conjugate. 

The organic carrier may be a protein including bovine serum albumin 
(BSA), gelatin, keyhole limpets haemocyanin and the GDI molecule, or 
may be a carbohydrate or may be a micelle. 

According to another aspect of the invention there is provided a purified 
lipid cell-wall component or analog or derivative thereof or a conjugate or 
a pharmaceutical composition as described above or a conjugate comprising 
any organic carrier and a purified lipid cell-wall component associated 
therewith for use as a toleragen to enhance resistance and/or reduce 
susceptibility to an immune disorder or an inflammatory condition in a 
subject. 
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According to another aspect of the invention there is provided the use of a 
purified lipid cell-wail component or analog or derivative thereof or a 
conjugate or a pharmaceutical composition as described above or a 
conjugate comprising any organic carrier and a purified lipid cell-wall 
component associated therewith for use in a method of making a 
medicament as a tolerogen to enhance resistance and/or reduce susceptibility 
to an immune disorder or an inflammatory condition in a subject. 

® 

The organic carrier may be a protein including bovine serum albumin 
(BSA), gelatin, keyhole limpets haemocyanin and the CDl molecule, or 
may be a carbohydrate or may be a micelle. 

According to another aspect of the invention there is provided a purified 

lipid cell-wall component or analog or derivative thereof or a conjugate or 

a pharmaceutical composition as described above or a conjugate comprising 

any organic carrier, except bovine serum albumin (BSA), and a purified 

lipid cell-wall component associated therewith for use in a method of 

modulating or manipulating the humoral immune system in a subject for the 

treatment or prophylaxis of a microbial infection, an immune disorder or an ^ 

inflammatory condition in a subject. 

According to another aspect of the invention there is provided the use of a 
conjugate or a pharmaceutical composition as described above or a 
conjugate comprising any organic carrier, except bovine serum albumin 
(BSA), and a purified lipid cell-wall component associated therewith in a 
method of making a medicament for use in a method of modulatmg or 
manipulating the humoral immune system in a subject for the treatment or 
prophylaxis of a microbial infection, an immune disorder or an 
inflammatory condition in a subject. 
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The organic carrier may be a protein including gelatin, keyhole limpets 
haemocyanin and the CDl molecule, or may be a carbohydrate or may be 
a micelle. 

According to anodier aspect of the invention there is provided a purified 
lipid cell-wall component or analog or derivative thereof or a conjugate or 
pharmaceutical composition as described above or a conjugate comprising 
any organic carrier and a purified lipid cell-wall component associated 
therewith for use in a method of enhancing resistance or lowering 
susceptibility to inflammatory conditions or allergies in a subject. 

According to another aspect of the invention there is provided use of a 
purified lipid cell-wall component or analog or derivative thereof or a 
conjugate or pharmaceutical composition as described above or a conjugate 
comprising any organic carrier and a purified lipid ceU-wall component 
associated therewith in a method of making a medicament for use in 
enhancing resistance or lowering susceptibility to inflammatory conditions 
and/or allergies in a subject. 

The organic carrier may be a protein including bovine serum albumin 
(BSA), gelatin, keyhole limpets haemocyanin, the CDl molecule and a 
serum protein, or may be a carbohydrate or may be a micelle. 

The method of treatment may be a prophylactic and/or therapeutic mettiod 
and may be a high zone tolerance treatment or may be a low zone tolerance 
treatment or a treatment aiming at an idiotypic regulation involving the 
conjugate or the antibody. 

The method may be an immunoregulatory method. 
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The method of treatment may be a prophylactic method which enhances 
resistance or reduces susceptibility to an immune disorder, inflammatory 
condition or allergy in a subject. The prophylactic method may suppress 
inflammation in the joints of the subject. 

According to another aspect of the invention there is provided a purified 

lipid cell-wall component or analog or derivative thereof or a conjugate or 

a pharmaceutical composition as described above or a conjugate comprising @ 

any organic carrier and a purified lipid cell-wall component associated 

therewith for use in the method of modulating or manipulating the cellular 

immune system in a subject for the treatment or prophylaxis of a microbial 

mfection, an immune disorder or an inflammatory condition in a subject. 

According to another aspect of the mvention there is provided a purified 
lipid cell-wall component or analog or derivative thereof or a conjugate or 
a pharmaceutical composition as described above or a conjugate comprising 
any organic carrier and a purified lipid cell-wall component associated 
dierewith in a method of making a medicament for use in a method of 
modulating or manipulatmg the cellular immune system in a subject for the 
treatment or prophylaxis of a microbial infection, an immune disorder or an 
inflammatory condition in a subject. 

The organic carrier may be a protein including bovine serum albumin 
(BSA), gelatin, keyhole limpets haemocyanin and the CDl molecule, or 
may be a carbohydrate or may be a micelle. 

More particularly, the modulation or manipulation of the immune system 
may be the modulation or manipulation of T-cell effects, such as CD4"', 
ThO, Thl and Th2, CD8^ or CD4- CDS' (double negative (DN)) T-cells, 
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natural killer (NX) cells, and/or of macrophages. 

According to another aspect of the invention there is provided use of a 
purified lipid cell-wall component in a method of forming a conjugate 
comprising any organic carrier and the purified lipid cell- wall component, 
whether the conjugate is produced in vitro or in vivo. 

The purified lipid cell-wall component as referred to herein is preferably a 
bacterial cell-wall component from a bacterium which produces mycolic 
acids and it may be derived from the genus Mycobacterium, 
Corynebacterium, Nocardia or Rhodococcus. 

The bacterium is preferably Mycobacterium tuberculosis. 

More preferably, the purified lipid cell-wall component is a purified mycolic 
acid, a mixture of purified mycolic acids or a mycolic acids fraction or 
derivative originating from a single or different species or a synthetic 
source. Other lipid cell-wall components may be high molecular weight 
lipids such as cord factors. 

The purified lipid cell-wall component may be a biologically active purified 
mycolic acid, a mixmre of biologically active purified mycolic acids or a 
biologically active purified mycolic acids fraction or derivative originating 
from a single or different species or a synthetic source. 

The purified lipid cell-wall component may be a resaponified biologically 
active mycolic acid, a mixmre of resaponified biologically active mycolic 
acids or a biologically active mycolic acids fraction or derivative of 
resaponified mycolic acids. 

The derivative of the purified lipid cell-wall component as referred to herein 
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may be an ester of a mycolic acid, a mixture of esters of mycolic acids or 
a derivative or fraction thereof. 

The microbial infection as referred to herein may be a mycobacterial 
infection, typically mberculosis or leprosy. 

The immune disorder as referred to herein may be an inflammatory 
condition. It may be an autoimmune disorder, typically arthritis. 

The autoimmune disorder may be of mycobacterial origin. 

According to yet another aspect of the invention there is provided a method 
of separating and purifying a specific microbial cell-wall component of a 
lipid or carbohydrate namre or a derivative or analog thereof from an 
extracted mixture of the cell-wall component or derivative or analog thereof 
and contaminants or from a synthetic mixture of the cell-wall component or 
derivative or analog thereof and contaminants comprising the steps of: 



dissolving the extracted mixmre or synthetic mixture in a bi- 
phasic solvent containing sodium chloride to form a solution; 

allowing the solution to separate to form an upper phase and a 
lower phase; 

subjecting the phases to countercurrent distribution/separation 
comprising a required nimiber of cycles to separate the 
microbial cell-wall component or analog or derivative thereof 
in the upper phase or the lower phase; and 

removing the separated microbial cell-wall component or 
derivative or analog thereof from the upper or lower phase. 
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The method may also comprise the additional pre-purification steps of: 

dissolving the extracted mixture of cell-wall component or derivative 
or analog thereof and contaminants or the synthetic mixmre of the 
cell-wall component or derivative or analog thereof and contaminants 
in a first solvent without sodium chloride; 

adding thereto a second solvent without sodium chloride; 

mixing and allowing the solution to separate to form a first upper 
phase (second solvent) and a first lower phase (first solvent); and 

removing the first upper phase and/or die first lower phase for further 
processing. 

Preferably, the lower phase or first lower phase, containing the extracted 
mixtore, is removed and subjected to countercurrent distribution 
purification, as described above. 

The method may also comprise the additional post-purification steps of: 

dissolvmg the extracted microbial cell-wall component or 
derivative or analog thereof in a suitable solvent; and 

adding a precipitant to the solution to precipitate out the 
dissolved further purified microbial cell-wall component or 
derivative or analog thereof. 



The solvent is preferably chloroform. 
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The precipitant is preferably acetone. 

The method may comprise the steps of: 

saponifying a microbial culture prior to preparing therefrom an 
extracted mixture of a cell-wall" component or derivative or analog 
thereof on which to perform the method of the mvention; and 

resaponifying the separated and purified microbial ceil- wall component 
or derivative or analog thereof. 

According to yet another aspect of the invention a purified mycolic acid or 
mixture of purified mycolic acids or a firaction thereof is provided in a 
particular conformation that renders it biologically active. 

The purified mycolic acid or mixture of purified mycolic acids may be in 
a conformation produced by the purified mycolic acid or mixmre of purified 
mycolic acids being in a methyl ester form or a freshly resaponified form. 

According to yet another aspect of the invention there is provided a method 
of preparing detection means for detecting the presence of anti-mycolic 
acids antibodies, the detection means comprising a solid phase and mycolic 
acids in a methyl ester form or in a freshly resaponified form associated 
therewith. 

The solid phase may be an EUSA plate. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic presenration of the activation process of 

naive T-cells; 



Figure 2a 



Figure 2b 



is an HPLC profile of mycolic acids originating from M. 
tuberculosis, purified using the improved method of 
countercurrent distribution in a sodium-chloride containing 
phase system; 



is 



an HPLC profile of mycolic acids originating from M. 
vaccae, purified using the improved method . of 
countercurrent distribution in a sodium-chloride containing 
phase system; 



Figure 3 is an infira-red spectrum of coimtercurrent purified mycolic 

acids, originating from M. tuberculosis'. 

Figure 4 is an infra-red spectrum of the resaponified countercurrent 

piuified mycolic acids, originating from M. tuberculosis; 

Figiu^e 5 is an infra-red spectrum of countercurrent-purified and 

resaponified mycolic acids, originating from M. 
tuberculosis, frozen at -70°C; 



Figure 6 is an infra-red spectnmi of coimtcrcurrent-purified and 

resaponified mycolic acids, originating from M. 
tuberculosis, and maintained at lO^C; 
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Figure 7 shows the stability of mycolic acids originating from M. 

tuberculosis (resaponified and methylester form) upon dry 
storage; 

Figure 8 shows cytokine profiles of rL-12 , IFN-r, TNF-a and TGF- 

fi in the lungs of Balb/c mice treated with 250 ^ig and 
boosted with 25 fxg mycolic acids from M. tuberculosis. 
The lungs were removed 24 and 48 hours after the boost; 

Figure 9 shows the expression of lL-12 in the spleen, liver, kidney, 

lung and heart of Balb/c and C57B1/6 mice two weeks 
after the infection with M. tuberculosis; 

Figure 10 shows the survival of M. tuberculosis-infQCted Balb/c 
mice, pre-treated with mycolic acids (from M. 
tuberculosis) one week before the infection, at the 
indicated doses; 

Figure 11 shows the survival of M. tuberculosis-iniQCtcd C57B1/6 
mice, pre-treated with mycolic acids (from M. 
tuberculosis) one week before the infection, at the 
indicated doses; 

Figure 12 shows the survival of M. tuberculosis-'mf&cted Balb/c mice 
post-treated with mycolic acids (from M. tuberculosis) 
three weeks after the infection, at the indicated doses, 
delivered in three daily injections of equal dose; 



Figure 13 shows the survival of M. tuberculosis-infected C57B1/6 
mice post-treated with mycolic acids (from M. 
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tuberculosis) three weeks after the infection, at the 
indicated doses, delivered in three daily injections of equal 
dose; 

Figure 14 shows the expression of IL-12 in M. ruberculosis-M&cttd 
Balb/c mice, pre-treated with mycoiic acids (from M. 
tuberculosis) one week before the infection, at the 
indicated doses. Limgs were removed five weeks after the 
infection; 

Figure 15 shows the correlation between IL-12 expression in the 
lungs of Balb/c mice, pre-treated with mycoiic acids (from 
M. tuberculosis), at five weeks after the infection and their 
survival; 



Figure 16 shows the expression of IFN-y in M. tuberculosis-infected 
Balb/c mice pre-treated with mycoiic acids (from M. 
tuberculosis) one week before the infection, at the 
indicated doses. Lungs were removed five weeks after the 
infection; 

Figure 17 is a repeat experiment and shows the expression of IFN-7 
in M. tuberculosis-infected Balb/c mice pre-treated with 
mycoiic acids (from M. tuberculosis) one week before the 
infection, at the indicated doses. Lungs were removed 
five weeks after the infection; 



Figure 18 



shows the expression of TGF-B inM. tuberculosis-'mfected 
Balb/c mice pre-treated with mycoiic acids (from M. 
tuberculosis) one week before the infection, at the 
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indicated doses. Lungs were removed five weeks after the 
infection; 



Figure 19 shows tiie correlation between TGF-B expression in the 
lungs of Balb/c mice, pre-treated with mycolic acids (from 
M. tuberculosis) and their survival. The lungs were 
removed five weeks after the infection; 



Figure 20 shows the expression of IL-12 in M. tuberculosis-iiitcitd 
Balb/c mice, post-treated with mycolic acids (from M. 
tuberculosis) three weeks after the infection, at the 
indicated doses. Lungs were removed five weeks after the 
infection; 

Figure 21 shows the expression of IFN-7 in M. tuberculosis-infected 
Balb/c mice post-treated with mycolic acids (from M. 
tuberculosis) three weeks after the infection, at the 
indicated doses. Lungs were removed five weeks after the 
infection; 

Figure 22 shows the expression of TGF-6 in M. tuberculosis-irifected 
Balb/c mice post-treated with mycolic acids (from M. 
tuberculosis) three weeks after the infection, at the 
indicated doses. Lungs were removed five weeks after the 
infection; 

Figure 23 shows cytokine profiles of IFN-7 and IL-4 in the spleen of 
Balb/c mice pre- and post-treated with mycolic acids (from 
M. tuberculosis) at the indicated doses; 
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Figure 24 shows the expression of IL-12 in the lungs of M. 

tuberculosis-Mscied Balb/c mice, pre- and post-treated 
with mycolic acids (from M. vaccae) at the indicated 
doses. Lungs were removed five weeks after the 
infection; 



Figure 25a is a photograph of two rats, the rat on the left being a 
control and having received only FIA, the rat on the right 
having received a reagent for the induction of adjuvant 
arthritis and showing a bleeding nose and arthritic nodules 
visible on the front paws; 

Figure 2Sb is a photograph of two rats, the rat on the right having 
been pre-treated with 1 mg of mycolic acids/serum in FIA 
before having received a reagent for the induction of 
adjuvant arthritis and showing minimal signs of arthritis, 
±e rat on the left not having been pre-treated before 
having received a reagent for the induction of adjuvant 
arthritis and showing swollen and inflamed arthritic hind 
legs; 



Figure 25c is a photograph of the rat showing the typical deformation 
of the joints in the hind legs, the so-called "swimming 
position" and a necrosis developing at the site of the 
injection; 

Figure 26a shows X-ray photographs of the hind limbs of rats used in 
the arthritis experiments. Group 5 of Tables 8a and 8b - 
a "negative" control treated with Freund's Adjuvant only; 



Figure 26b 



shows X-ray photographs of the hind limbs of rats used in 



wo 98/39025 



PCT/GB98/00681 



24 

the arthritis experiments. Group 1 of Tables 8a and 8b- a 
"positive" control treated with M. tuberculosis H37Rv 
suspended in Freund's Adjuvant; 

Figure 26c shows X-ray photographs of the hind limbs of the rats pre- 
treated with 1 mg mycoiic acids .(from M. mberculosis) 
prior to the induction of arthritis. Group 4 of Tables 8a 
and 8b; 



Figure 27 shows the emaciation of a rat with typical induced adjuvant 
arthritis; 

Figure 28 shows rat antibody response to mycoiic acids suspended in 
oil after three months* treatment using 1,0, 0,3 and 0,1 
mg mycoiic acids per immunization, after three months 
treatment; 

Figure 29 shows ELISA results of human tuberculosis patients' sera 
in comparison to healthy control on the plates coated with 
mycoiic acids; 



Figure 30 is a specificity assay of antibodies of human tuberculosis 
patient No. 38 assessed by inhibition of ELISA; 

Figure 31 is a Western blot of mouse serum widi and without 

exposure to mycoiic acids, probed with human tuberculosis 
patients' sera and a healthy control serum; 



Figure 32a shows the stimulation by mycoiic acids of human T cells 
by GDI presenting cells; 
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Figure 32b shows the stimulation of human T cells by mycolic acids. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

This invention is based on the involvement of isolated, purified, 
biologically active mycobacterial lipid cell- wall components, and more 
particularly purified, biologically active mycolic acids or analogs or 
derivatives thereof, in the regulation of the immune response in a subject 
or host to infection or abnormal activation- These purified mycobacterial 
lipid cell-wall components originate from bacteria assigned to the genus 
M.mycobacterium and to ttie genera Corynebacrerium, Nocardia and 
Rhodococcus. In particular, the present invention teaches the application of 
isolated and purified mycolic acids in: 

1 . the modulation and immunoregulation of an immune response 
towards infection with mycobacteria in humans and animals; 

2. the development of anti-toberculosis and other anti- 
mycobacterial treatment for human and veterinary use. It is 
envisaged that tolerogenic doses of the purified lipid cell-wall 
components of M. tuberculosis and other Mycobacteria, on 
their own or presented on carriers such as proteins, liposomes 
or carbohydrates or in a medium or pharmaceutical carrier or 
excipient such as liquid (oil, saline, water) gas or vapour, 
could be used in the modulation of immune responses to 
mycobacterial infections; 

3. the development and production of diagnostic tests {in vitro 
and/or in vivo tests) for the confirmation of the presence of 
mycobacterial cells in samples such as blood, cerebrospinal 
fluid, tears and saliva or tests that would be based on the 
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identification and detection of auto-reactive antibodies and/or 
T-cells, and antibodies against the purified lipid cell- wall 
components with or without host carriers; 

4. the prevention and immunotherapy and regulation of 
autoinaraune illnesses of mycobacterial and other origin and 
particularly those associated with infection with mycobacteria. 
Such a therapy could be achieved by modulating the inmiune 
response directed against mycobacterial lipid cell-wall 
components. It is envisaged that the tolerogenic doses of the 
purified lipid cell-wall components of M. tuberculosis and 
other Mycobacteria presented in a supportive medium or in a 
pharmaceutically acceptable carrier or excipient or on carriers 
such as liposomes or proteins or suspended in an adjuvant, 
typically a water-in-oil emulsion such as FIA, can be used for 
the regulation of immime responses to mycobacterial antigens 
leading to the prevention of tuberculosis and auto-immune 
diseases such as arthritis, often associated with mberculosis. 

The mvention utilises the method of isolation and ptirification of a 
mycobacterial lipid cell-wall component described in South African Patent 
No. 96/1412 and is based on the demonstration of the immunogenicity of 
my colic acids described in South African Patent No. 95/3077. 

The invention also provides an improvement on the method of isolation and 
purification of mycobacterial lipid cell-wall components described in South 
African Patent No. 96/1412. An improvement involves a preliminary 
purification of cmde mycobacterial extract to remove redundant or 
uimecessary cellular components prior to the countercurrent purification and 
to reduce the soap content in the crude extract. A further improvement to 
the method involves the addition of sodium chloride to the solvent. This 
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allows larger amounts of the extracted mycolic acids to be purified per mn 
of the countercurrent separation. 

The availability of the isolated and purified required components, 
particularly mycolic acids, is essential for the development and assessment 
of the potential applications listed above. 

As indicated above, the conventional approaches to the prevention of 
infection with M. tuberculosis by attempting to induce humoral and/or 
cellular memory leading to a long-term protection against mberculosis have 
been unsuccessful. The present invention offers another approach. It is 
based in part on the use of appropriate tolerogenic doses of mycolic acids 
in. a supportive medium or pharmaceutically acceptable carriers or excipients 
or on appropriate carriers, with or without appropriate interleukine(s) 
(Heath and Playfair, 1992), to modulate/regulate the immune response(s) in 
the human body. Such a treatment would help to prevent or decrease 
mortality due to tuberculosis and could be used as a potential treatment for 
the disease. 

The presentation of purified mycolic acids in supportive media, conjugates, 
pharmaceutical compositions comprising pharmaceutically acceptable 
excipients, carriers and adjuvants, uses and methods of the invention should 
be considered in the light of what is known about the pathology of 
tuberculosis as described below. 

The encounter between die bacterium Mycobacterium tuberculosis and its 
human host is exceptionally complex and multifaceted and leads to a number 
of intertwined, interdependent and interconnected processes, in which 
• mycolic acids appear to be playing a significant role. For the sake of 
clarity these processes will be discussed under the following headings: 
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Outline: Clinical stages of aifacrculosis 

1. Primary pulmonary mbcrcuiosis 

2. Post-primary pulmcnary/reactivadon mberculosis 

3 . Immunology/immunopathology in mberculosis 

3.1 Overview 

3.2 Synthesis of cytokines 

3.3 Activation of macropiiages and the intracellular fate of M. 
mberculosis 

3.4 Delayed-Type Hypersensitivity (DTH) 

3.5 Activation of T cells and their functions 

3.6 Cytokine circuits in mberculosis 

3.7 Cytokine induction by M. Tuberculosis 

3.8 Cytokine profiles in mberculosis patients 

3.9 Involvement of other T cells in tuberculosis 

4. Proposed approach 

5. Immunogenicity of my colic acids 

OUTLINE; Clinical stages of tuberculosis 
1. Primary pulmonary tuberculosis 

It is generally accepted that the primary infection with M. tuberculosis 
occurs by inhalation of a very small number of bacilli into the respiratory 
tract. Usually fewer -than 10% of the inhaled microorganisms, reach the 
respiratory bronchioles and alveoli, the rest being successfiilly removed 
from the upper respiratory epithelium by the nonspecific, external innate 
immunity, i.e., by mucus and the ciliated' epithelium of the upper 
respiratory tract acting as filters. Mycobacteria that reach alveoli are dealt 
widi by the internal innate immunity mechanisms. In the case of the 
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mycobacterial infection, phagocytosis (engulfment and destniction of the 
pathogens by mononuclear leucocytes) and inflammatory reaction play the 
decisive part. The age of an individual, general state of his/her health, 
conditions of living, nutrition as well as ethnic and geographic differences 
affect the susceptibility to the disease and its severity (Fine, 1994). 

The inhaled cells of M. tuberculosis are ingested by alveolar macrophages 
(see section 3.3 on the activation of macrophages), which have a 
predilection for this fimction. Some of the bacilli are destroyed within, the 
phago-lysosomes of the macrophages and some remain in the macrophagal 
vacuoles for imdetermined periods of time. In some cases, even replication 
of the bacilli may occur in the macrophage's vacuoles. Within the period 
of 2 to 3 weeks some of the surviving bacteria destroy their host 
macrophages and, after being released, can infect additional macrophages 
(Fenton and Vermeulen, 1996). 

The chemotactic factors released by the destroyed macrophages attract other 
leucocytes: monocytes, lymphocytes and neutrophils, which are not capable 
of destroying the released mycobacteria. The accumulation of lymphocytes 
and the foimation of macrophage-derived epitheloid giant cells constimte the 
beginning of the inflammation process (see section 3.1 and 3.3) and lead to 
the formation of nodules called granulomas, which in the case of 
mberculosis are referred to as tubercles. The degree of success of 
granuloma formation depends on the initial nimaber of mycobacteria present 
in the tissue and on the number of macrophages present at the site of 
infection (Fenton and Vermeulen, 1996). 

The formation of granulomas is a result of an interaction between the 
macrophages and T lymphocytes and the secretion of proteins stimulating 
cells of both types. It constimtes the beginning of the development of cell- 
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mediated immunity (for a detailed description see section 3.4). Although 
the cells of ingested M. tuberculosis are not always completely destroyed, 
the formation of granulomas is an effective defense mechanism of 
"containing'Vwailing-off the pathogens, which stops the infection from 
spreading further and retams it in a subclinical state. If, however, the 
resistance of the infected person is low, the formation of granulomas may 
not stop the growth and spread of the mycobacteria and the disease 
progresses further to primary clinical tuberculosis. 

During this stage of the disease more mbercles are formed and they become 
larger. A hypersensitivity reaction (see section 3.4) accompanied by tissue 
necrosis and fusion of the dead macrophages constimte the characteristic 
response. The fusion of macrophages leads to the formation of caseation 
necrosis within the granulomas. In the majority of cases, in order to seal 
off the necrotic site, lymphocytes and other cells collect at the site and form 
a fibrous tissue. The walled-off caseated granulomas frequently heal over 
time, shrink and calcify. The disease frequently stops at this stage and the 
damaged limg tissue, detected by X-ray, remains the proof of the 
successfully combated disease. In the majority of cases the encounter 
between mycobacteria and the human immune system stops here and as a 
result of this exposure, most individuals successfully control the focus of 
infection and develop some degree of immunity. 

If, however, the healing process is impaired, the lesions do not calcify but 
expand, eroding adjacent bronchi and leading to the formation of cavities, 
in which live cells of M. tuberculosis can multiply freely, sometimes 
reaching numbers exceedmg 10* per cavity (Nardell, 1993). Living 
mycobacteria can leak from such open cavities directly into bronchia leading 
to even further spread of the disease and a continuous discharge of these 
bacilli into the sputum. The leaked bacilli can be inhaled into other parts 
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of the host's lungs resulting in tuberculous bronchopneumonia. As the 
caseation necrosis develops further and spreads, the patient starts to display 
the clinical symptoms of tuberculosis such as loss of weight, night sweats, 
persistent cough, loss of appetite and fatigue. At this stage an intensive 
therapy is required (Fenton and Vermeulen, 1996). 

If mycobacteria spread to the blood, they can localise in any organ forming 
new tubercles and the disease becomes a generalised form of mberculosis, 
referred to as miliary mberculosis. 

2. Post-primary pulmonary/reactivation tuberculosis 

Post-primary pulmonary tuberculosis or reactivation tuberculosis can 
develop following either inhalation of additional mycobacteria or by 
reactivation of a dormant primary lesion, in which bacilli can survive in a 
dormant state for decades. The post-primary mberculosis progresses despite 
the existing immunity developed during the primary exposure (Fenton and 
Vermeulen, 1996) and is considered to be the most prevalent form of die 
disease (Elgert, 1996a). It usually occurs concomitandy with a period of 
excessive enviroimiental stress, malnutrition or lowering of immune 
competence of the body. 

The pathogen, no longer held in check within the mbercles, muldplies 
vigorously and leads to die development of symptoms observed in die 
primary clinical tuberculosis. Generalized clinical mberculosis causes 
damage to various vital organs and can result in death of the patient. 
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3. Iinmunology/iinmunopathology in tuberculosis 
3.1 Overview 

Although the breaking down and digestion of mycobacteria by macrophages 
is considered to be essentially a non-antigen-specific process, it initiates the 
development of the adaptive, i.e., antigen-specific immune responses, 
which develop after about 3 weeks since the initial exposure to M. 
tuberculosis and significantly contribute to the combating of the infection. 
Certain components of the macrophage-digested bacilli, after being released 
from the phago-lysosomes, are transported by specialised proteins referred 
to as major histocompatibility molecules (MHC molecules) to the surface of 
the macrophages, where they can be recognised by T lymphocytes (for 
details see section 3.3). If any of the presented components of M. 
tuberculosis is recognised by a T cell, certain proteins called cytokines*) 
(see section 3.2) capable of initiating the proliferation of the T cell into a 
clone of cells recognising this particular antigen, are synthesized and 
secreted. 

The mycobacterial antigens presented by the infected macrophages attract 
specific T cells and the process of mflammation leading to the formation of 
granulomas is initiaited. The antigen recognition which takes place is due 
to the complementarity of the combining sites between the {MHC-Af. 
tuberculosis component} -complex presented on the surface of the 
macrophage and the receptors present on the T cell. The interaction 
between the T cells and macrophages leads to the stimulation/activation of 
macrophages (for details see section 3.3) which start secreting various 
cytokines. One of the cytokines produced by the activated macrophage, 
interleukin 1 (IL-1), induces the proliferation of neighbouring T cells 



*) Small protein molecules via which the communication between various pans 
various cells of the immune system is accomplished. 
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(inflammatory CD4 T cells), which in turn start secreting interferon 7 (IFN- 
7). IFN-7 acting as a chemotaxin, attracts monocytes to the site of 
infection and converts resting monocytes into activated macrophages (Fenton 
and Vermeulen, 1996; Elgert, 1996b). 

The fiirther course of the disease depends to a large degree upon the type 
of the activated lymphocyte, i.e., whether it- is a cytotoxic (CDS) or a 
helper (CD4) T cell, or whether T-helper cell is a T-helper 1 (Thl) or a 
T-heIper-2 (Th2) type. The stimulation of CDS or CD4 T cells depends on 
whether an antigen presenting cell (APC) presented the antigen in 
association with a major histocompatibility complex (MHC) molecule of 
class I or MHC class n, respectively. The mechanism of the selection 
between Thl or Th2 type T-cell response is less clearly understood. 



On the basis of the accumulated evidence it appears that the activated 
macrophages and Thl CD4 cells play the most important role in the 
inunune response to mberculosis, leading to the development of acute phase 
inflammatory response i.e., the development of delayed-type 
hypersensitivity (DTH) (see section 3.4) and the formation of granulomas. 
The Thl cells are known to secrete, apart from IL-2, interferon 7, in 
response to IL-12 secretion by activated macrophages. INF-7 as the 
principal cytokiae activating macrophages is of critical importance in 
combating intracellular mycobacterial infection (Toossi, 1996; Kaufmann, 
1995a and 1995b). 

The involvement of CD4 ceils of the Thl type, which activate B cells and 
induce the production of antibodies, has also been confirmed in tuberculosis 
(Grange, 1984; Fine, 1994). Although a number of various antibodies 
reactive with different types of mycobacterial antigens have been detected 
in the sera of mberculosis patients (Grange, 1984; Dolia, Raviglione and 
Koch, 1994; Snider, 1994), their protective role has not been demonstrated. 

For a long time the activities of Thl cells in mberculosis have been 
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associated with the "good" immunity resulting in the "containment" of the 
mycobacterial infection and leading to an optimistic prognosis, whereas the 
Tb2 cells activities have been held responsible for the development of 
allergic reactions and consequently were considered to be a "bad" type of 
immunity in this disease. The current approach considers the activities of 
Th2 cells as more positive and assigns to them a regulating function, which 
allows them to terminate the defence reactions initiated by Thl cells which, 
if left unchecked, could cause serious tissue damage (Kaufeoann, 1995a). 

Furthermore, the importance of the initial umate mamumty and the decisive 
role it plays in the differentiation of T helper cells (ThO) to Thl and Thl 
cells has become better imderstood. The balance between macrophage- 
activating and -deactivating cytokines determines the outcome of the 
infection (Toossi, 1996; Kaufmann, 1995a and 1995b). Secretion of IL-12 
by the infected macrophages and the production of IFN-y by NK cells leads 
to the development of Thl cells which initially offer protection against the 
pathogen. On the other hand, mycobacteria are potent inducers of IL-10 
which inhibits the Thl response to this pathogen, probably by inhibiting the 
synthesis of IFN-7 by NK cells, and has a wide range of effects on antigen- 
presenting cells. IL-10 has suppressive function, downreguiates the major 
histocompatibility complex molecules and inhibits the production of 
monokines (Gong et aL, 1996). The intracellular bacteria within the 
macrophage also appear to suppress the early production of IL-4 by CD4* 
NKl"^ cells. Therefore if, at the early stage of the infection when innate 
immunity plays a critical part, the production of IL-10 by macrophages and 
of IL-4 by CD4'*" NKl"^ takes place, the differentiation of T cells will be 
biased towards the premature development of Th2 cells with detrimental 
effects on the prognosis of the illness (Kaufmann, 1995a). 
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3.2 Synthesis of cytokines 

C)T:okmes - general . 

Cytokines are low molecular weight, solubl? proteins which are transiently 
produced by some cells upon their activation and which specifically affect 
the behaviour of other cells. They act at picomolar to nanomolar 
concentrations on cytokine receptors inducing significant effects on the 
proliferation and function of a variety of .cells involved in eliciting an 
adaptive immune response {Elgert, 1996b). Cytokines are regulatory and 
effector molecules which uiduce signal transduction, activation of genes 
responsible for growth, differentiation and cell activity. 

Cytokines can act as regulators of cell functions by binding to specific, 
high-affinity receptors on the cells they affect. Cj^okines are produced by 
T and B lymphocytes, NK cells, macrophages and granulocytes. The term 
interleukins is used for the molecules secreted by Ijnmphoid cells which 
allow them to conamunicate with each other. Currently some 60 cytokines 
are known. A list of the more important of them, i.e., those involved in 
the "cytokine cascades" and in the "cytokine regulatory network" in 
tuberculosis, is given in Table 1. 

A large panel of monoclonal antibodies specific for human and mouse 
cytokines, cytokine receptors and ceil-siu^ace differentiation antigens has 
been established. These antibodies constimte powerful probes for analyzing 
the roles played by different cytokines as intercellular regulators and 
effector molecules used by lymphocyte populations to mediate protective 
natural and specific immime responses to foreign antigens, e.g. bacteria, 
viruses and neoplasms. 

Cytokine production by lymphocytes is restricted due to the mstability of 
their respective mRNA. The mRNA instability is caused by the presence 
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of an "instability sequence" in their 3' untranslated region (Janeway and 
Travels, 1994a). This allows the strict control of cytokine production and 
release. The stabilization of mRNA increases the synthesis of the cytokines 
by 20 to 30-fold. 

The production of IL-2 is a decisive factor determining whether a T cell 
will proliferate and become a functional effector cell. The interaction of IL- 
2 with its receptor enhances clonal expansion of CD4 memory T cells at the 
site of active infections. These cells, in contrast to naive CD4 T ceUs are 
capable of producing and secreting IFN-7. The production of IL-2 and 
other cytokines depends on the induction of several transcription factors 
(Janeway and Travers, 1994a). The induction of these factors is in turn 
initiated by the recognition of a specific antigen by the T cell. One of these 
factors, nuclear factor of activation (NF-AT), activates IL-2 transcription 
by binding to the promoter region of the IL-2 gene. However, this event 
on its own will not result in the production of IL-2, for which an additional 
binding of CD28 (a receptor molecule of Th cells) by B7 protein or APC 
is required. A signal which stabilizes IL-2 MRNA is passed through CD28. 
The stabilization of IL-2 mRNA together with the ligand binding of CD28 
leads to the increase m the production of IL-2 by 100-fold (Janeway and 
Travers, 1994a). However, if the recognition of a specific antigen by a T 
cell is not accompanied by co-stimulation through CD28 molecule, die 
amoimt of IL-2 produced is minimal and T ceUs are not stimulated. 
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The central role played by IL-2 in the adaptive immunity is reflected by the 
number of drugs designed to suppress undesirable immune responses and interfere 
with the synthesis of this interieukin. The examples of such drugs are: 
cyclosporin and rapamycin, administered in order to prevent tissue grafts 
rejection. 

Another interieukin having a profound influence on the development of adaptive 
immunity is mterleukin 12 (IL-12). It is a product of mononuclear phagocytes 
(macrophages) and plays a crucial role in die differentiation of T-helper cells, 
inducing the development of Thl celis in vitro and in vivo (Flynn et al., 1995; 
Toossi, 1996), thus increasing the resistance to several intracellular pathogens in 
experimental mice (Flynn et al.. 1995). IL-12 also enhances the production of 
IFN-7 from T and NK cells (D' Andrea et al., 1992; Kobayashi et al, 1989, 
Toossi. 1996), increases their proliferation (Flynn et al., 1995) and enhances 
cytolytic activity of CDS T and NK cells (Flynn et al., 1995; Kobayashi et al.. 
1989; Gately et al.. 1994). On the odier hand, cytokines such as TGF-B and IL- 
10 inhibit the production and activity of IL-12, suppress the Thl response and 
stimulate the development of intracellular infections (D'Andrea et al., 1992). 

3.3 ActiYation of macrophages and the intraceUular fate of M. tuberculosis 

Following phagocytosis the intracellular growth of mycobacteria depends on their 
ability to avoid destruction by lysosomal enzymes and reactive nitrogen 
intermediates. Sufficient evidence has been accumulated to support the 
observation that M. tuberculosis bacilli have the abUity to block the fusion of 
mycobacterium-contatoing phagosomes (acidic phagocytic vacuoles) with 
lysosomes (organelles containing hydrolytic enzymes) (McDonough, Kress and 
Bloom, 1993) and the ability to disrupt the normal fvmctioning of phagosomes 
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(Rastogi, Bachelet and Carvaiho de Sousa, 1992). It is generally accepted that 
the ability of M. tuberculosis to survive and multiply within the macrophages is 
linked to the unusual physicochemical properties of the mycobacterial cell wall, 
attributed mainly to the lipid and lip id-associated components. 

Normally, activated macrophages have the ability to process the mycobacterial 
antigens and to transport them to the cell surface where they are presented in 
association with major histocompatibility complex (MHC) proteins. In this 
process, macrophages become antigen presenting cells (APCs). 

Macrophage activation i.e., the induction of antibacterial mechanisms in 
macrophages, is initiated by the contact of the macrophage containing ingested M. 
tuberculosis with an inflammatory T cell. 

Macrophages require two signals before becoming activated: 

the macrophage-activating cytokine, interferon-7 (IFN-7) (interferons are 
cytokines that can induce cells to resist viral replication) 

and 

membrane-bound form of tissue necrotic factor a (TNF-a) or a small 
amount of bacterial lipopolysacharide (Janeway and Travers, 1994a). 

The first signal, which sensitizes the macrophage to the second signal, is 
delivered by inflammatory CD4 T cells. The second signal is delivered by 
membrane-bound molecules induced on effector CD4 T cells. As the process of 
cytokine synthesis and of the synthesis of cell-surface molecules mediating their 
effects requires several hours, the inflammatory CD4 T cells must adhere to their 
target macrophages for this period. The newly synthesised cytokines are 
transferred through the microvesicles to the site of contact between the CD4 T 
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cell and the macrophage. 



The activation of a macrophage through the stimulation with IFN-7 and the 
contact with CD4 T cell results in a series of biochemical responses, which enable 
the macrophage to become highly bactericidal. The activated macrophages: 



i) fase their lysosomes more efficiently to phagosomes, which leads to the 
exposure of the intracellular bacteria to a variety of destructive/bactericidal 
enzymes; 

ii) secrete IL-I2 (activating Thl cells), IL-6, 11-8 and TNF-o;; 



iii) produce oxygen radicals - antibacterial agents; 

iv) produce nitric oxide - an antibacterial agent; 



v) produce antibacterial peptides; 

vi) amplify the immune response by increasing the number of major 
histocompatibility molecules class E (MCH class II) and of TNF-a 
receptors on their surface; 

vii) recruit other immune cells to the site of infection (Janeway and Travers. 
1994a and 1994b; Tizard, 1995a; Fenton and Vermeulen, 1996). 



The TNF-a further contributes to the INF7-activation of the macrophage 
particularly in the induction of nitric oxide. These functions aim at the 
destruction of die mycobacteria. However, if antigenic stimulation persists, the 
macrophages become chronically activated and produce additional cytokines. 
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growth factors and lysosomal enzymes. The latter can attack and destroy the 
surrounding tissue (Janeway and Travers, 1994a) leading to the formation of 
pulmonary cavities. 

The enhancement of the macrophage microbicidal activities can be brought about 

by T cells, especially CD4 aB T cells which secrete IFN-y and IL-2 (Orme, 

1993). As the activities of Thl CD4 cells are antigen specific, then: involvement 

in the activation of macrophages serves as one of the numerous examples of the © 

intertwining between the innate and specific adaptive immunity. 

In addition, the activated macrophages produce and secrete other interleukins such 
as DL-6, 11-8, and tumour necrosis factor a (TNF-a). D-S attracts T cells and 
neutrophils, while IL-6 and IL-8 initiate the acute phase inflammatory response. 
TNF-o; plays a particularly prominent part in the immune response to 
mycobacteria. The production of TNF-o: is induced by the presence of lipo- 
arabinomannan, a constiment of the mycobacterial cell wall (Toossi, 1996). By 
attracting monocytes to the site of infection. TNF-a is aiding the formation of 
granulomas, in which, owing to the anaerobic environment, the bacilli evenmally ^ 
die. Therefore, IL-8. IL-6 and TNF-a participate in the protection of the 
patient's tissues against the disease and lead to the "containment " of the disease. 

3-4 Delayed-Type Hypersensitivity (DTH) 

The cell-mediated immune reaction occurring in M. tuberculosis infection, in 
which the mam effector cells are activated macrophages, is called delayed-type 
hypersensitivity (DTH) or type IV hypersensitivity. The tuberculin skin reaction 
' (subcutaneous or intradermal contact with the concentrated derivatives of M. 
tuberculosis) is a classic example of the DTH reaction mediated through T cells 
(and cytokines produced by them) via activated macrophages (Elgert, 1996a). 
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The conversion from cuberculin-negative to tuberculin-positive skin reaction 
develops witiiin six to eight weeks of infection (Boom, 1996) and frequently 
constimies the first sign of the infection with M. tuberculosis. The second 
example of the DTH is the systemic granuloma formation resulting from the 
inflammatory reaction in tuberculosis. 

The DTH reaction constitutes a part of the immune response to many intracellular 
infectious microorganisms, particularly those causing chronic diseases such as 
tuberculosis or leprosy. Although the development of DTH in tuberculosis 
involves sensitization rather than immunization of the infected person, 
nevertheless it results in a certain degree of protection. 

With effective cellular immunity, the infection should be arrested permanently at 
this stage, with healed granulomas leaving small fibrous and calcified lesions and 
memory CD4 cells. If the cellular inmiune response is insufficient, macrophages 
containing viable cells of M. tuberculosis may escape via the intrapulmonary 
lymphatic vessels which may lead to the rapid spread of infection (Elgert, 1996a; 
Fenton and Vermeulen, 1996). 

Although the precise mechanism for the development of the initiated DTH 
response remains not fully understood, the following has been established: 

i) the interaction between the macrophage-processed and macrophage- 
presented antigen and the specific receptors present on CD4 T cells 
leads to the formation of sensitized inflammatory T helper cells, 
referred to as Thl cells; 



ii) a portion of Thl cells become memory cells; 
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iii) on reactivation/restimulation Thl cells produce a number of 
cytokines, the most important being: 

1. IL-2, which causes the proliferation of antigen-primed Thl 
cells; 

2. GM-CSF, which uiduces localized haematopoiesis of 
monocytes and neutrophils; 

3. TNF-a and -13 which participate in endothelial cell binding 
and activation of leucocytes; 

4. IFN-'y which is responsible for the enhanced expression of 
MHC proteins class II molecules on macrophages and 
endothelial cells as well as for the activation of macrophages 
(Elgert, 1996a; Fenton and Vermeulen, 1996). 

In addition, chemotaxic factors (chemokines) such as interleukins of the IL-8 
group may attract monocytes to the sites of antigen deposition and the TNF-B 
together with the macrophage-secreted TNF-a and IL-1 as well as IFN-y induce 
and control the movement of leucocytes wiiiiin the area of inflammation. 

3.5 Activation of T cells and their functions 

Lymphocytes which have left the primary lymphoid organs, e.g, the thymus, and 
have never encountered their specific antigen and therefore have not responded 
to it, are referred to as naive T cells. The critical point in their development 
and in the development of the adaptive immune response is their activation. The 
activation is brought about by theu: contact with "professional" antigen-presenting 
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ceils (APC: macrophages, dendritic cells and B cells) and requires the 
concomitant presence of two independent signals (Janeway and Travers, 1994a 
and 1994 b). Figure 1 presents a graphic illustration of this process. 

The first signal is delivered by the binding of MHC-antigen complex to the T-cell 
antigen specific receptor and its co-receptor (either CD4 or CDS). This signal is 
transmitted by the T-cell co-receptor, indicating that the antigen has been 
recognised. The second co-stimulatory signal is delivered to the T cell by the 
same antigen-presenting cell, APC. The best characterised co-stunulatory 
molecules on APC are molecules called B7 and B7.2. The molecule on the 
surface of the T cell acting as a receptor for B7 is CD28 and the ligation of these 
two molecules will stimulate the proliferation of the particular clone of T cells. 
Subsequently, an additional receptor called CTLA-4 is expressed on the surface 
of the activated T cell and bmds the B7 molecule with a higher affmity. 

Naive T cells will respond to a particular antigen only when one APC cell 
presents both stimulatory signals: antigen specific to the T-cell receptor and a co- 
stimulating signal (B7, B7.2). Only APC possess the ability to express both 
classes of MHC molecules as well as to deliver a co-stimulatory signal and 
therefore to perform the so called "priming" of the naive T cells. 

It is important to know that the T cells recognising the specific antigen in the 
absence of co-stimulatory signal, fail to produce IL-2, do not multiply and 
become anergic, i.e., unable to respond to a given antigen. This dual 
requirement for the proliferation of T cells is a preventative measure aimed at 
inhibiting the response of T cells to self tissues, which would be detrimental to 
. the host.' The phenomenon of anergy is frequently encountered in mberculosis. 

The interaction of T cells with APCs is influenced to a varying degree by a range 
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of adhesion molecules such as selectins, integrins, some mucin-like molecules and 
CD44 molecule. 

The activation of T cells by APCs results in their clonal proliferation leading to 
the production of large numbers of antigen-specific lymphocytes and the 
differentiation of their progeny mto armed effector cells. The production of IL-2 
is a decisive factor which determines whether a T cell will proliferate and 
differentiate into effector cells. © 

The antigen presentation takes place with the help of two classes of major 
histocompatibility molecules (MHC). MHC class I molecules present to CDS T- 
cells antigens originating from the pathogens multiplying in the cytosol of the 
macrophages, thus initiating cellular or cell-mediated immtme response. MHC 
molecules class EL present antigens derived from ingested extracellular bacteria 
and toxins. These antigens are presented to CD4 inflammatory cells referred to 
as Thl cells and to CD4 helper cells, referred to as Th2 cells. The Th2 cells 
activate the specific B cells, thus initiating the humoral immune response. 

Once the T cells are activated and start the clonal expansion, they can act on any 
target cell which displays the specific antigen on its surface. Effector T cells can 
perform a number of functions such as: 

i) killing of infected cells by CDS cytotoxic T cells; 

ii) activation of macrophages and peripheral mononuclear cells by CD4 
inflammatory cells (an essential activity in toberculosis leading to the 
destruction of the phagocytosed mycobacterial cells); 

iii) activation of B cells to produce antibodies. 
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The first two activities constitute elements of cell-mediated immunity, whereas the 
third one represents the hurnorai immunity (Janeway and Travers, 1994a, 1994b 
and 1994c; Elgert, 1996c). 

3.6 Cytokine circuits in tuberculosis 

Experimental evidence accumulated so far indicates that the protective immune 
response against M. tuberculosis in man is mediated primarily by CD4 Thl cells 
and mononuclear phagocytes (Kaufinann, 1995a and 1995b, Fenton and 
Venneulen, 1996, Boom, 1996). Among the cytokines secreted in the process of 
mounting host anti-mycobacterial responses, IL-12, IL-2 and IFN7 appear to be 
playing the most prominent parts. The treatment of the M.tuberculosis-mi&zx&d. 
Balb/c mice with IL-12 effectively increased their survival and reduced 10 to 50- 
fold the number of viable bacilli in their organs (Rynn et al. 1995). 

As there exists a distinct possibility of T-cell hyper-responsiveness at sites of 
active infection, the production of other cytokines which can inhibit the anti- 
mycobacterial immune responses such as transforming growth factor 6 (TGF-B) 
also takes place. The intricate interplay between various cytokine circuits which 
are activated by M. tuberculosis and its constituents may be amplified and 
contribute to pathology at the site of the infection (Toossi, 1996). 

The overall outcome of the host immune response/host defence and the course of 
the disease will be determined by the balance between macrophage-activating and 
-deactivating cytokines. Some cytokines e.g. tumour necrosis factor a (TNF-a) 
and transforming growth factor 6 (TGF-fi) may contribute to symptoms of 
mberculosis such as tissue destruction, fibrosis formation, fever and weight loss. 
In addition, in the HIV-infected tuberculosis patients, cytokines may promote viral 
replication and in this way contribute to the progression of the disease. 
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The well documented role of IFN-y in the infection with M. tuberculosis, 
becomes closer to be understood. The administration of IFN-7 to mice deficient 
in this cytokine prolongs their survival after the challenge with M. tuberculosis 
(Cooper et al.. 1993; Flynn et at.. 1993). The protective effects of IFN-7 appear 
to be due to the enhancement of macrophage activity towards M. tuberculosis, 
namely due to the upregulation of TNF-a and 1,25-hydroxy vitamin D 
(Bermudez and Young. 1988; Rook et al., 1987). 

© 

Both, IFN-7 and TNF-a increase anti-mycobacterial activity of htmian (Denis, 
1991; Hirsch et al.. 1994) and murine macrophages (Bermudez and Young, 
1988). Both, IFN-7 and TNF-ce counteract the effects of TGF-B. These effects 
interfere with the production of anti-mycobacterial nitrogen intermediaries within 
the infected macrophage and down-regulate IFN-7 and TNF-g:. The balance 
between these three macrophage-activating and -deactivating cytokines, i. e. , IFN- 
7, TNF-ce and TGF-/3 influences the fmal outcome of the infection (Chantry et 
al., 1989; Ding. Nathan and Srimal, 1990; Espevik er a/. , 1987; Tsunawki,"Spom 
and Nathan, 1988; Toossi, 1996). 

< 3-7 Induction of cytokines by M. tuberculosis' antigens or components 

The currently available information concerning the involvement of M. 
tuberculosis' antigens or components on the induction of cytokines secretion 
(Toossi, 1996), can be summarized as follows: 

i) both, partially purified and completely purified mycobacterial proteins were 
found to induce the production of Il-l, IL-2, IL-12, TGF-B and of TNF-a; 

ii) the 38 kDa antigen was reported to induce the secretion of IL-12 and IFN- 
7 (Agrewala and Mishra, 1995) whereas the 58 kD antigen (present in the 
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culture filtrate) was found to induce the production of TNF-a (Wallis, 
Paranjape and Phillips, 1993); 

iii) two purified protein derivatives PPDl and PPD2 were found to induce the 
production of IL-5 and IFN-7, respectively (Ebtekar and Khanasri, 1996); 

iv) the 30 kD antigen (a major secretory protein and cell-wall component) was 
found to induce cytokines in monocytes as well as the production of TGF-B 
(Toossi, 1996); 

v) lipo-arabinomannan was found to be associated with the induction of TGF-B 
but not TNF-a, IL-1 or IL-10 (Toossi. 1996); 

vi) heat-shock proteins smdied. i.e.. lOkD, 65kD and 71kD molecules were 
found to induce proliferative responses in human CD4* T cells, with the 
65-kDa molecule apparently playing part in human autoimmune responses 
(Boom, 1996; Beagly et aL, 1993); 

vii) some components of M. tuberculosis' cell walls were reported to induce 
potent immunosuppressive agents such as TGF-6 (Toossi, 1996). 

3.8 Cytokine profiles in tuberculosis patients 

Whereas in mice there exists a sequential production of Thl and Th2 cytokines 
in response to live mycobacteria (Sander et aL. 1995). in human mberculosis 
there is an absence of a prominent Th2 cytokine response (Lin et al.. 1996). 
Depressed Thl cytokines responses, however, are characteristic of the advanced 
human mberculosis, as illustrated by the following observations: 



PCTyGB98/00681 



50 

Several studies confirmed that tuberculosis sufferers display a defect in the 
production of IFN-7 when challenged with various mycobacterial antigens 
(Vilcek era/., 1986; Hirscher a/., 1996; Huygensra/., 1988; Onwubalili, 
Scott and Robinson, 1985); 

The results observed in in vitro experiments indicate that CD4 lymphocytes 
originating from mberculosis patients have a limited capacity to synthesise 
IL-2 and IFN-7, when challenged with M. tuberculosis antigens (Toossi, 
1996); 

Lower peripheral blood mononuclear cell responses were reported and are 
thought to be caused by a functional suppression of T-cell production of IL- 
2 and expression of IL-2 receptors. The relative numbers of the two main 
populations/groups of T cells, namely CD4 and CDS, remain unchanged 
(Toossi, Kleinhenz and Ellner, 1986; Kleinhenz and Ellner, 1987; Vanham 
etal., 1996); 

A dominant role played by monocytes in suppression of T-cell responses 
resulting m the lowering of the synthesis of IL-2 is well established (Ellner, 
1978; Kleinhenz and Ellner, 1987; Toossi et al.. 1989) and high numbers 
of these cells are frequently encountered in cases of active tuberculosis 
(Toossi, 1996). The molecular mechanisms by which monocytes suppress 
T-cell responses in patients with mberculosis have been to a large degree 
elucidated and were discussed in a recent review by Toossi (1996); 

Cytokines produced by CD4 cells belonging to Th2 subpopulations such as 
IL-4 and IL-10 are reported by some groups of researchers to be higher in 
patients with mberculosis than in a control group (Sucrel et aL. 1994; 
Toossi, 1996). However, there exists a certain degree of controversy on 
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this subject (Hirsch et ai. 1996, Toossi, 1996). As both of these cytokines 
have been associated with the ability to de-activate macrophages, their 
presence could adversely affect the course of die disease; 

6. Transforming growth factor B (TGF-B) is a potent immunosuppressor that 
inhibits the clonal expansion of T cells by interfering with the proliferative 
signal of IL-2 and suppresses the production of INF-7 and IL-2 (even at 
femtomolar concentrations). TGF-6 is known for its auto-induction, 
through which it can significantly increase its levels at sites of active 
tuberculosis infection. Through this action TGF-6 can have a direct 
influence on several cytokines and seriously interfere with the host immune 
defense mechanisms. 

7. Granulocyte-macrophage colony stimulating factor (GM-CSF) is secreted 
by macrophages and some T cells. GM-CSF, by acting directly on bone 
marrow cells, stimulates the expansion of granulocytes and macrophages. 
It influences, therefore, both humoral and cell-mediated immune responses 
(Boom, 1996). 



3.9 Involvement of other T cells in tuberculosis 



Apart from the immune processes dependent on CD4 cells. CDS T cells are also 
involved in the immune response to the infection with M. tuberculosis. As CDS 
cells can be directly cytotoxic and have the ability to kill the macrophages 
harbouring mycobacteria, they play a part in the destruction of M. tuberculosis. 
either by lysis of the macrophages or by releasing of M. tuberculosis to the 
extracellular environment where they can be phagocytosed by other activated 
macrophages. 
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Recently carried out investigations indicate that additional subsets of T cells are 
involved in the immune reaction to tuberculosis. These T cells produced large 
amounts of IFN-7 and varying amounts of IL-2, IL-4, IL-5 and IL-10, and cannot 
be assigned to the clearly defined Thl or Th2 groups. They are classified as 
ThO subset of CD4 cells (Boom, 1996). 

Another subset of T cells which may have an important role in the cellular 
response to the infection widi M. tuberculosis are the T cells expressing 76 T-cell 
receptor (Haanen et al., 1991; Boom. 1996; Kaufmann, 1995a). They have 
been reported to recognise phosphate-containing non-proteinaceous components 
of mycobacteria and, on stimulation with these components, have been shown to 
display a Thl cytokine pattern (Kauftnann, 1995a). It has been posmlated 
(Kaufmann, 1995a) that the rapid activation of 7/^ T cells, preceding that of afS> 
T cells could attribute to them a function of a link between innate immunity by 
NK cells and the specific adaptive immunity effected by o^B T cells. The j/5 T 
cells appear to control the local tissue response at the site of bacterial replication 
and the TCR5 (T-cell receptor 5) gene deletion mice mutants were found to be 
more susceptible to death when challenged by M. tuberculosis inocula tolerated 
by immunocompetent mice (Kaufmann, 1995a). 

The CDlb-restricted a/6 T cells produce IFN-7 and express cytolytic activity, in 
which they resemble Thl cells (Kaufmann, 1995a). 

4. Proposed approach to the prevention of infection with M.tuberculosis 
and proposed approach to the prevention of rheumatoid arthritis 
associated with tuberculosis 

Accepting that mycolic acids possess immunoregulatory properties in spite of then 
simple, long chain fatty acid structure, it is proposed that the prevention of 
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infection with M. tuberculosis could be achieved by a successful induction of 
humoral and/or cellular memory- against mycolic acids leading to a long-term 
protection against the disease. Another approach is based on the assumption ±at 
by using appropriate tolerogenic doses of purified, biologically active mycolic 
acids used alone, in a supportive mediimi or pharmaceutical carrier or excipient 
or on appropriate carriers, with or without the simultaneotis introduction of 
appropriate cytokines (Heath and Play fair, 1992), it should be possible to 
successfully modulate the immune response(s) in the human body. Such a 
treatment could potentially help to prevent or decrease mortality due to 
mberculosis and be used as a potential treatment of the disease. 

On the other hand, vaccination with mycolic " acids used with or without the 
appropriate carriers, may regulate the immune system upon the infection with 
M. tuberculosis, by modulating the induced response of the recipient. 

Prevention of rheumatoid arthritis associated with mberculosis could be achieved 
by preventing the generation of auto-immime antibodies duected against collagen. 
Recently published results of the immunomodulatory properties of a synthetic 10- 
kD heat shock protein (hsplO) from M. tuberculosis, in relation to adjuvant- 
induced arthritis in rats, indicate that the administration of this compound could 
indeed lead to the delayed onset of the disease and the development of less severe 
symptoms (Ragno etaL, 1996). 

Accepting once again that mycolic acids possess immunoregulatory properties, the 
proposed approach is based on the assumption that by using appropriate 
tolerogenic doses of mycolic acids, possibly on suitable carriers, either on their 
own or, simultaneously with appropriate interleukin(s) (Heath and Playfair-, 1992), 
It should be possible to successfully manipulate or regulate the immune 
response(s) in the human body. Such a treatment could potentially help to prevent 
or delay the onset of rheumatoid arthritis associated with mberculosis, or decrease 
the severity of this disease. 
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In order to investigate this approach, adjuvant arthritis was induced in rats, 
which were treated with mycolic acids either prior to or after the induction 
of the disease. The induction of this form of arthritis, using a suspension 
of heat-killed and freeze-dried cells of an avirulent stram of M. 
tuberculosis H37 Ra was achieved following the method of Waufaen, 
Wagenaar-Hilber and Van Eden (1994). Investigations into this approach 
are set out below in Example 2. 

5. Immunogenicity of mycolic adds 

Immunogenicity of a molecule, i.e., its ability to induce an immune 
reaction depends on the chemical structure and properties of the molecule 
and on the ability of a particular immune system to recognise it. Many 
compounds such as proteins, peptides, nucleic acids and polysaccharides 
are naturally highly immunogenic and capable of eliciting strong immune 
reactions when recognised as "foreign" by the immune system. On the 
other hand, the majority of lipid compounds, with the exception of some 
glycolipids, has until recently not been considered to be immunogenic . 

Mycolic acids are the major lipids of the cell wall of Mycobacteria and 
constimte approximately 40% of the dry weight of these bacteria. Mycolic 
acids are high molecular weight B-hydroxy fatty acids (Ceo to C90), which 
have moderately long aliphatic chams in. the a-position and are 
characterised by a highly restricted solubility. Their aliphatic structure and 
absence of aromaticity suggest that, similarly to other lipid compounds, 
they should have very weak/lunited unmunogenic properties (Savelkoul, 
Claassen and Benner, 1997). In addition, the mechanism by which lipids 
could elicit immune responses in a host and the manner in which they could 
be presented to the immune system, have, until recently, been unknown. 
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However, the evidence for immunogenicity of mycoiic acids, i.e., for their 
ability to induce an immune reaction, has been accumulated over the last 
three/four years on the basis of the results reported by various research 
centers. 

It was observed by the present inventors in 1994 that mycoiic acids 
adsorbed to proteins and administered to mice elicit an antibody response 
(South African Patent Application No. 95/3077 and International Patent 
Application No. 95/00856 relating to the induction of antibodies to mycoiic 
acids upon Immumzation of mice with mycoiic acids adsorbed to proteins). 
The response appears to be specific for mycoiic acids on two accounts. It 
was elicited by bovine serum albumin conjugates but could be detected on 
ELISA wells coated with mycoiic acids-gelatin conjugate in the 
immunoassay and the response measured on mycoiic acids-gelatin conjugate 
as antigen could be partly inhibited by co-incubating the antisera with 
bovine serum albumin-mycolic acids conjugate. 

The immunogenicity of mycoiic acids and their immunoregulatory 
properties have been supported by evidence which has recently became 
available from odier sources: 

i) The discovery of Beckman et al, (1994) that mycoiic acids 
activate DN T-cells upon presentation on antigen presenting cells 

While investigating presentation of non-pep tide microbial antigens, 
Beckman et ai, (1994) discovered that mycoiic acids originating 
from M. tuberculosis stimulated the proliferation of a rare subset of 
human T cells. The group of stimulated human T cells was 
identified as double negative, i.e.. neither CD4^ (helper function) 
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nor CDS^ (cytotoxic fanction), T-cell clones. 

Similarly, Rosat et al., (1995) reported stimulation and subsequent 
expansion of a human T-cell line (OGDl) upon exposure to unique 
cell-wall lipids isolated by organic extraction from M. tuberculosis 
and presented on CD lb molecules. 

Additional observations concerning the presentation of lipo- 
arabinomannan originating from the cell-wall fractions of M. leprae 
by CDl molecules were reported by Sieling et al., (1995), who 
isolated two T-cell lines responding to the stimulation with 
lipoarabinomannan. 

On the basis of these reports and results it appears that: 

i) mycolic acids are in fact immunogenic at least in terms of 
eliciting some kind of cellular and humoral immune response; 

ii) mycolic acids are presented by one of a group of five CDl 
glycoproteins in humans, of which CD lb plays the major role 
in presentation of mycolic acids. 

The role of CDl presented molecules in the presentation of 
mycolic acids and other mycobacterial lipids 

CDl molecules constimte a group of glycoproteins occurring on 
antigen presenting cells. They appear to perform a novel and unique 
fimction, by presenting mycobacterial antigens originating from the 
lipid fraction of bacterial lysates to the immune system. CDl 
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molecules appear to be homologous in their function to peptide- 
presenting MHC (Major Histocompatibility Complex) proteins 
(Beckman et al. , 1994; 1995) but specialized in presenting antigens 
of lipid or hydrophobic nature. 

The compounds presented by CDl molecules are recognised by 
human T cells displaying on then- surface receptor chains a and 6*' 
(Beckman et al., 1994, 1995) as well as y and 5 chains"^ (Rosat et 
al, 1995). The subset of 75 T cells was found to express only 
receptors coded by Vbl* gene and to proliferate on exposure to 
unique cell-wall lipids isolated by organic extraction from M. 
tuberculosis, presented on CDlb molecules. 

Both subsets of these T cells were activated on exposure to the 
antigens of mycobacterial origin and showed enhanced proliferation 
(Beckman et al., 1994, 1995; Rosat et al., 1995). 

*) o and 5 chains - transmembrane glycoprotein receptor chains axe responsible for the 
recognition of antigens on antigen presenting cells (APQ after processing and presentation on 
MHC or other professional antigen presenting molecules such as CDl. 

**) 7 and 5 chains - polypeptide receptor chains are homologous to a and B, appearing at an early 
stage of thymocytes differentiation, with a very limited variability and poorly understood 
functions. They can recognise antigens without die requirement of prior processing and 
presentation by APC, even recognising antigen in solution as long as it is muluvalent (Schild 
et al., 1994). 
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Experiments described by Tangri e: al., (1995), carried out with the 
mouse CDl molecules, established peptide sequences binding to this 
type of antigen-presenting molecules and found such peptides to be 
highly hydrophobic. This observation confirms the distinct role 
which CDl molecules appear to be playing in the presentation of 
lipid or other hydrophobic compounds in a non MHC restricted 
manner. 

The anticipated role of double negative (DN) T cells in auto- 
inmiunity and immunoregulation 

Double negative (DN) T cells form a small, highly heterogenous 
group of cells residing in the thymus, comprising several early 
stages in T-cell development. A small percentage of these cells 
expresses genes coding for while the remaining DN express 
genes for a B receptor chains. They precede the appearance of die 
functional receptor chains and the expression of CD4 and CDS 
markers (Jane way and Travers, 1994d). 

DN T cells constimte less than 2% of human lymphocytes present in 
peripheral blood (Niehues et al., 1994). They were found to differ 
from single positive (SP) subsets of T cells in: 

i) proliferating in response to the presence of interleukin 3 
(IL-3); 

ii) becoming activated on exposure to non-peptide antigens 
presented by CDl molecules; 
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iii) not responding to the stimulation with antigens presented by 
MHC class I and n molecules (Niehues et al., 1994). 

Although the main function of this small and poorly defined T cell 
subset group remains unknown, there is some evidence indicating 
their involvement in auto-immune reactions and in the regulation of 
auto-immunity. The smdies of von Boehmer, Kirberg and Rocha 
(1991) and Kisielow et aL, (1988) demonstrated that in transgenic 
niice, the receptors for self antigens were predominantly expressed 
on DN ceils. In humans, levels of DN T-cell populations were 
foimd to be elevated in patients with auto-immune disorders such as 
systemic lupus erythematosus (Shivakumar, Tsokos and Datta, 1989) 
and systemic sclerosis (Sakamoto et al., 1992). 

The involvement of DN T cells in immunoregulation was 
demonstrated by Niehues et aL, (1995a). who reported that the 
stimulated DN T cells secreted interleukin 10 (IL-10). As IL-10 can 
downregulate the expression of MHC proteins class n by the antigen 
presenting cells and, at certain concentrations, can suppress the 
expression of CDl molecules (Thomssen, Kahan and Londei, 1995) 
and inhibit the functions of inflammatory Thl cells (Janeway and 
Travers, 1994a), an important role played by DN T cells in 
regulating. and probably suppressing immune functions and in auto- 
inmiunity is anticipated. 

If it is accepted that mycolic acids are immunogenic and, when 
presented on CDl molecules can activate human DN T cells, it can 
be posmlated that two lEnmunoIogical phenomena observed in 
tuberculosis, namely the occurrence of anergy and the induction of 
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post-tuberculosis rheumatoid " arthritis could be associated with 
mycolic acids. 

Anergy, i.e., the inability of the infected person to mount an 
immune response despite the presence of antigen, is commonly 
observed during the initial stage of infection with M. tuberculosis 
and M. leprae. It is believed that the specific immunocompetent 
lymphocytes are suppressed as a consequence of either the way in 
which the molecules are presented to them (Schwartz, 1993) or as 
the result of the absence of co-stimulatory signals (Janeway and 
Travers, 1994a). 

If the presentation of lipid antigens on CD! molecules creates the 
conditions necessary for the initiation of anergy in mberculosis, it 
can be hypothesised that mycolic acids could play a direct role in 
this phenomenon, probably by the activated DN T cells secreting IL- 
10 (Niehues.er al., 1995a). 

Auto-immunity or auto-reactivity is a pathological condition caused 
by the adaptive immxme response directed at self antigens. Such 
responses can be generally produced by: 

i) a sudden exposure of normally hidden self antigens (as in the 
case of sympathetic ophthalmia); 

ii) self antigens becoming immunogenic due to chemical, 
physical or biological changes (as in the 'case of contact 
dermatitis); 
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iii) coincidental similarity between a foreign antigen (pathogen) 
and the self tissue antigen, referred to as molecular mimicry 
(as in the case of streptococcal protein M and human hean 
muscle) (Merck Manual, 1987; Janeway andTravers, 1994e). 

Rheumatoid arthritis, is an auto-immune disease associated with the 
presence of auto-antibodies and auto-reactive T cells damaging the 
joints' cartilage (Laycock et al, 1995). The mycobacterial antigens 
could be implicated ia this pathological state in two ways. Either 
heat-shock proteins of M. tuberculosis (HSP 60, HSP 65) elicit the 
production of auto-antibodies due to the genuine molecular mimicry 
between them and the aggrecan i.e., the core protein of host 
cartilage (Roitt, 1994; Tizard, 1995b; Voet and Voet, 1995) or the 
production of such auto-immune antibodies is caused by a 
contamination of heat-shock proteins secreted by mycobacteria with 
mycolic acids. The latter possibility finds some support in the 
observation reported by Buzas et al., (1995) who could not detect 
any cross-reactivity between aggrecan and the mycobacterial HSP 65 
produced by genetically manipulated E. coli, therefore not 
contaminated by mycolic acids. Additional evidence that the HSP 
65 may not be directly involved in the induction of adjuvant arthritis, 
came jfrom Moudgil et al., (1995). These authors worked with two 
groups of rats, resistant and susceptible to adjuvant arthritis and 
found that they shared identical MHC. As only peptides can be 
presented by MHC, this finding implies that compounds other than 
proteins (e.g. lipids) are probably involved in inducing this form of 
arthritis. 

Further evidence of the lipid nature of the molecules potentially 
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involved in ttte induction of riieumatoid arthritis comes from the 
studies of Beech et al., (1995) and Lemonidis et ai, (1995) who 
studied pristane'^-induced arthritis in mice. In both instances the 
response was characterized by the presence of T-lymphocytes and 
antibodies strongly cross-reacting with mycobacterial HSP 65. 

The evidence presented above concerning the role which lipids/oils 

could play in inducing rheumatoid arthritis supports the hypothesis ® 

that in the case of mberculosis this role could be performed by 

mycolic acids forming namral conjugates with proteins present in the 

infected host. 

iv) Our observatioiis concerning cross-reactivity of mice antisera 
against mycolic acids-BSA veith gelatin 

Dtiring our experimental work substantiating Patent No 94/2575, it 

was observed that the antibodies produced during immunization with 

mycolic acids-protein conjugates cross-reacted with gelatin, the _^ 

denatured form of collagen. Without wishing to be boimd by theory, 

we propose a hypothesis to explain this observation, namely that the 

murine immtme system probably does not recognize mycolic acids 

as such, but rather as modified epitopes on protein molecules. 

*) A mineral oil of defined structure, including several methyl branches. 
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Similarly, during infection with M. tuberculosis, my colic acids 
originating from the pathogen may become attached to some proteins 
present in the host's body, such as heat-shock proteins known to be 
expressed on the surface of infected macrophages (Grange, Stanford 
and Rook, 1995) or host protein to create "foreign" epitopes. The 
presence of such epitopes can lead to the production of auto- 
antibodies and auto-reactive T cells against collagen (gelatin), which 
could attack host collagen leading to the development of an auto- 
immune reaction- The auto-antibodies and auto-reactive T cells thus 
generated, may significantly influence the degree of severity of the 
disease and may play a crucial role in TB patient survival. 



If it is remembered that: 



i) collagen is the native form of gelatia; 



ii) the mice antibodies generated against mycoiic acids-protein 
conjugates were observed to recognise gelatin; 

iii) arthritis can be produced in experimental animals by injection 
of collagen, collagen reactive T cells or anti-collagen 
antibodies (Brand ef ^Z., 1995); 

and 

iv) collagen is the most abundant protein in higher vertebrates 
(Sakai, 1995) and that lungs, where the original contact with 
M. tuberculosis usually takes place, comprise large numbers 
of collagen fibrils (Leeson and Leeson, 1981) 
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the potential of mycolic acids' attachment to the host's major class 
of fibrous protein and their involvement in the generation of auto- 
iihmune antibodies directed against collagen and probably leading to 
the development of rheumatoid arthritis associated with tuberculosis, 
becomes evident. 

Furthermore, the presence of antibodies recognising collagen /gelatm 
in a tuberculosis patient could be responsible for impaired resistance 
against bacterial infection (Bras and Aguas, 1995). Such antibodies 
could react with the collagen-like region of human serum (segment 
Clq) thus impairing this serum protein's crucial role in the cytotoxic 
reaction towards bacteria and infected host cells. The presence of 
anti-Clq antibodies in patients with systemic lupus erythematosus 
was associated with persistent hypo-complementaemia and defective 
ability to opsonise bacteria, which 'led to the patients' inability to 
dispose of life-threatening mfections (Davies, Nors worthy and 
Walport, 1995). 
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IMMUNOREGULATORY AND IMMUNOGENIC PROPERTIES OF 

COUNTERCURRENT-PURIFIED MYCOLIC ACIDS 

The substantiation/evidence for the immunogenic and 
immimoregulatory properties of countercurrent-purified mycolic acids 
is illustrated by the three examples described below. 

EXAMPLE 1 : Protection against tuberculosis in mice provided by the 

administration of purified mycolic acids. Experiments 
involving animals injected with M, tuberculosis by 
intravenous administration. 

1.1 MATERIALS 

1.1.1 Cultures 

Mycobacterium tuberculosis H37Rv ATCC 27294 - a virulent strain, originally 
isolated from an infected human limg. Type strain of the species. 

Mycobacterium vaccae ATCC 15483 - a strain originally isolated from cow's milk. 
Type strain of the species. 

The cxiltures were purchased in lyophilized form from the American 
Type Culture Collection (ATCC), Maryland, USA. 

1.1.2 Media 

1.1.2.1 Growth media 



The following media were used for the cultivation of M. tuberculosis: 
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Lowenstein- Jensen (LJ) medium (slants) and 
Middlebrook 7H-10 agar medium (plates). 

A detailed composition of the ingredients necessary for the preparation of 
these media as well as the conditions recommended for their sterilization, 
are given in the Laboratory Manual of Tuberculosis Methods, Tuberculosis 
Research Institute of the SA Medical Research Council (1980, Chapter 6, 
pp 83-105; Second Edition, revised by E E Nel, H H Kleeberg and E M 
S Gamer). 

The media were prepared by the National Tuberculosis Institute of the 
Medical Research Council of South Africa, in Pretoria. 

1.1.2.2 Media used for washing and diluting of Mycobacteria 

The harvested bacteria were washed m sterile 0,9% m/v NaCl (Saarchem, 
Chemically Pure, RSA). 

Medium used for the preparation of serial dilutions, preceding the @ 
determination of viable counts of M. tuberculosis, was prepared by 
dissolving Tween 80 (Merck, Chemically Pure) in 0,9% m/v NaCl 
(Saarchem, Chemically Pure) to a concentration of 0,01% v/v and 
distributing it in 9,0 ml aliquots into test-mbes. The autoclaved media 
were stored at 4°C. 

1.1.2.3 Media used for the amplification of the competitive 
plasmid pGEM-3Z 

Dulbecco's Modified Eagle's Medium (DMEM) - manufactured by Life 
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Technologies Inc., Country 

LB agar comprising: 

10% mJv Tryptone (Biolab Diagnostics. RSA) 
5% ra/v Yeast extract (Difco Laboratories, Michigan, USA) 
10% m/v NaCl (Saarchem, Chemically Pure, RSA) and 
1,5% m/v agar (Saarchem, Chemically Pure, RSA). 

LB broth comprising: 

10% m/v Tryptone (Biolab Diagnostics, RSA) 
5% m/v Yeast extract (Difco Laboratories, Michigan, USA) and 
10% m/v NaCl (Saarchem, Chemically Pure, RSA). 

Ampicillin and streptomycin (Life Technologies Inc. , Scotland) 
Sodium pynivate (Life Technologies Inc) 
Agarose (Promega Corporation, Madison, USA) 

1.1.3 Reagents 

1.1.3.1 For the preparation of the reagents used for the extraction, 
derivatization and High-Performance Liquid Chromatography 
(HPLC) analysis of mycolic acids, HPLC Grade methanol 
(BDH) and double-distilled deionized water were used. 

Reagent A: 25% potassium hydroxide (Saarchem, Analytical Grade) 
dissolved in methanol-water (1:1), i.e., 62,5 g potassium 
hydroxide was dissolved in 125 ml water and 125 ml 
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methanol (BDH, HPLC Grade) was added. 



Reagent B: Concentrated hydrochloric acid (Saarchem, Analytical 
Grade) diluted 1 : 1 widi water. 



Reagent C: 2% potassium bicarbonate (BDH, Analytical Grade) dissolved 
in methanol- water (1:1), 10 g potassium bicarbonate was 
dissolved in 250 ml water and 250 ml methanol was added. Q 

Reagent D: para-bromophenacyibromide dissolved in acetonitrile and 
crown ether (Pierce Chemical Co, Cat. No 48891) was 
dispensed in 500 fil quantities into small amber-coloured 
screw cap vials with Teflon-coated septa. The caps were 
tightened and the vials were wrapped with Parafilm. Reagent 
D was stored at 4°C. 



Reagent E: Reagent E was prepared by mixing reagent B 1:1 with 
methanol. 

HPLC Standard: High Molecular Weight Internal Standard (C-100) from 
Ribi ImmunoChem Research Company, Cat No R-50. 
The standard, 1 mg, was dissolved in 20 ml chloroform 
(BDH, HPLC Grade) at 4"'C and aliquots of 100 
were dispensed into 4 ml amber WISP vials, dried, 
capped with Teflon-coated septa and stored at 4°C. 

Chloroform (Saarchem, Analytical Grade, RSA) 



Methylene chloride (BDH, UK, HPLC-Grade) 
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Reagents A, B, C and E were prepared fresh prior to experiments, taking 
all the necessary safety precautions. 

1.1.3.2 The following reagents were used for the preliminary 
purification of crude bacterial extracts ("funnel extraction") 
and for the countercurrent purification of the extracted 
mycoiic acids: 

Chloroform (Saarchem, Chemically Pure) 
Methanol (Saarchem, Chemically Pure) 
Acetone (Saarchem, Chemically Pure) 
Sodium chloride (Saarchem, Analytical Grade) 
Double-distilled deionized water was used for the preparation 
of the required reagent concentrations- i.e., : 

39% v/v methanol 

42% v/v chlorofonn 

0,2 M NaCl 

1.1.3.3 Reagents used m the Semi-Quantitative Competitive Reverse 
Transcriptase Polymerase Chain Reaction (QC-RT-PCR): 

The following reagents were used: 

Ethidium bromide (Boehringer Mannheim, Germany) 

Formamide and formaldehyde (BDH, UK) 

Tris (Hydroxymethyl)-aminomethane (Merck, Germany) 
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EDTA (Ethylenediarainetetra-acetic acid) (Merck) 
Sodium acetate (Merck) 

TRI-reagent (Molecular Research Centre Inc, USA) 
Formazol (Molecular Research Centre Inc) 

MOPS (3-(A''-morphoIino) propanesulfonic acid) (Sigma Chemicals, 
USA) 

Diethyl pyrocarbonate (DEPC) (Sigma) 

Oligo dT primers (Life Technologies Inc., Scotland) 

Superscript RNase H Reverse Transcriptase (Life Technologies Inc.) 

Recombinant Taq Polymerase Dyna2yme (Fimizymes OY) 

m 

Amplitaq Gold (Roche Molecular Systems, USA) 

Qiagen mini preparatory column Kit (Qiagen) 

Tris EDTA buffer: Tris base 10 mM disodium ethylene diamine 
tetraacetate.2H20, pH adjusted to pH 8,3. 

1 . 1 .3.4 Reagents used in the purification of a 6TCR* CD4*, afiTCR* CDS* 
single positive (SP) and aBTCR*, CD4- and CDS" double negative 
(DM) T cells from the human peripheral blood 



wo 98/39025 



PCT/GB98/00681 



71 



The reagents used in this part of the experimental work were described by 
Niehues et ai, (1994, 1995b). 

1.1-4 Experimental animals 

Eight to twelve weeks old female Balb/c (a tuberculosis-susceptible strain) 
and C57/bIJ6 mice (a tuberculosis-resistant strain) were used in the 
"immunpreguiatory" experiments. The mice were inbred for 11 and 9 
generations, respectively, by the Anim al Centre at the South African 
Institute for Medical Research in Johannesburg. Male mice of 
corresponding age were used for the collection of senmi necessary for the 
preparation of mycolic acids/mouse serum conjugates. 

Seventeen weeks old Sprague-Dawley female rats were used for the 
induction of anti-mycolic acids antibodies. 

Feed and water 

Mice cubes, manufactured by EPOL and tap, autoclaved water were 
provided ad libitum. 

Sanitation: 

Bronocide, manufactured by Essential Medicines (Pty) Ltd, was used for 
sanitation purposes. 
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1-1.5 Plasticware 

The following plasticware was used: 
Disposable Petri's dishes (Promex, RSA) 
ELISA plates (Steriiin, UK) 

Sterile, disposable 50 ml centrifuge tubes (Coming, USA) 

Disposable tips (Elkay, Denmark) 

96-well round bottom microplates (Nunc, Denmark) 

1.2 METHODS 

The following methods were used in the experimental work: 
1.2.1 Cultivation of the bacterial strains 

The bacteria were cultivated at 2TC using Lowenstein- Jensen (LJ) medium 
slants and Middlebrook 7H-10 agar medium plates. 

The sterility of all the media was confirmed, before they were used in the 
experiments by incubating them at 37^C for 24 h. 

For routine extraction of mycolic acids approximately 4-week old M. 
tuberculosis and 2-week old cultures of M. vaccae. grown on LJ slants, 
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were used. When Middlebrook 7H-10 agar medium plates were used, 2- 
week old cultures of M tuberculosis were harvested for the extraction of 
mycolic acids. For the preparation of bacterial suspensions used for the 
experimental induction of tuberculosis, approximately 2-week old cultures 
of M. tuberculosis, grown on LJ slants were used. 

1.2.2 Viable and total bacterial counts 

For the viable count determination, serial suspensions of the harvested 
bacteria were prepared in the diluent medium (as specified under 1.1.2.2) 
to a density corresponding to a McFarland standard 4 (approximately OD 
of 1,0; using a Beckman DU 65 spectrophotometer, at 486 nm). Tenfold 
serial dilutions were prepared using 9 ml aliquots of the diluent medium. 
From the last three dilutions corresponding to 10"', 10*^ and 10** of the 
origmal suspension, aliquots of 0,1 ml (100 jjil) were withdrawn and spread 
over the surface of Middlebrook 7H-10 plates. The plates were mcubated 
at 37*'C and the developed colonies coimted after two to three weeks for M 
tuberculosis and after one week for the plates seeded with M. vaccae. 

The direct total count was performed using a Neubauer counting chamber 
and the autoclaved cultures of M. tuberculosis and M vaccae, originally 
adjusted to a density corresponding to a McFarland standard 4 and suitably 
diluted with the diluent medium. 

Statistical analysis of the bacterial counts included the mean values of 
bacterial counts and standard deviations. 
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1.23 Preparation of mycolic acids from bacterial samples 

The preparation of bacterial samples comprised three steps: 

harvesting of the Mycobacteria cells; 
saponification and 
extraction of mycolic acids. 

Glassware used for the harvesting, extraction, derivatization and HPLC 
analyses of mycolic acids was washed in 2% (v/v) Contrad (Merck), rinsed 
in water, followed by rinsing in chloroform, water. Technical Grade 
methanol, water and finally rinsed in double distilled deionized water. The 
washed glassware was dried in a warm air oven- 
Harvesting was done by scraping the bacterial growth from the surface of 
media slants or agar plates (using sterile plastic loops) and by suspending 
them in Reagent A. Initial bacterial suspensions were prepared in Reagent 
A, by vortexing the harvested cells with sterile glass beads. Homogenous 
bacterial suspensions were prepared using sterile tissue homogenizers. Prior 
to the saponification, the density of the bacterial suspensions was adjusted 
to a density corresponding to a McFariand standard 4. 

The saponification, extraction and derivatization of mycolic acids were 
carried out as described by Butler, Jost and Kilbum (1991), with minor 
modifications and are described imder the relevant headings. 

Saponification of the Mycobacteria in Reagent A was carried out in an 
autoclave at 12 TC, for 30 min. 



wo 98/39025 



PCT/GB98/00681 



75 

1.2.4 Extraction of mycolic acids 

The saponified samples were allowed to cool after autociaving. Into 2 ml 
samples containing crude extract, 1,5 ml Reagent B was introduced. After 
vortexing, the pH of each sample was checked and if necessary, adjusted to 
pH 1 with Reagent B. 

Subsequently, 2,0 mi chloroform was added to each sample and vortexed 
for 30 seconds. The layers were allowed to separate. The bottom layers 
were removed with Pasteur pipettes, transferred to amber WISP vials and 
evaporated to dryness at 85°C in a heat block-evaporator under a stream of 
nitrogen. To neutralize traces of acid carried over, 100 |il of reagent C was 
added to each sample and the fluid evaporated to dryness at 85°C in a heat 
block-evaporator under a stream of nitrogen. 

1.2.5 Storage of the crude extracted mycolic acids 

The material obtamed from the large-scale extraction of mycolic acids 
originating from M tuberculosis and M. vaccae, i.e., the crude bacterial 
extracts, was stored xmder acetone, at 4X in 4 ml amber WISP vials. To 
prevent evaporation/drying and the exposure to light, the caps of the WISP 
vials were covered with Parafilra. 

1.2.6 Determination of mycolic acids contents in crude extracts 
Extracted mycolic acids were derivatized as follows: 

To a cooled sample of crude extract (approximately 10 |ag in 2,0 ml 
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Reagent A), an aliquot of 1,0 ml chloroform was introduced, followed by 
the addition of 100 ^1 of Reagent D (derivatization reagent). The capped 
samples were vortexed for 30 seconds and heated for 20 minutes at 85°C in 
a heat block-evaporator. Subsequently, the samples were cooled and 1,0 ml 
of Reagent E added. The samples were vonexed for 30 seconds and the 
layers allowed to separate. The bottom layers were removed with Pasteur 
pipettes and transferred to WISP -vials. The vials were placed in a heat 
block-evaporator and their contents evaporated to dryness at 85°C using a ^ 
stream of nitrogen. 

The residues were resuspended in 0,212 g (which corresponds to 160 fil) 
methylene chloride, capped and vortexed. Each reconstituted sample was 
introduced into a WISP vial containing 5 {ig of the HPLC internal standard 
(prepared as described under 1.1.3.1), filtered through a 0,22 }im Millex 
GV4 filter with a polyethylene housing into another amber-coloured WISP- 
vial. The recapped vials were stored at 4''C until ready for HPLC analysis. 

1.2-7 BDPLC analysis and quantification of mycolic acids 

Repeatability and accuracy of the pipette used for the distribution of the 
HPLC standard was determined. The precision was established to be +/- 1% 
and was confirmed prior to each aliquoting of the internal standard. 

For the HPLC analysis 10 jil from each sample (maintained on ice during 
handlmg), was analyzed. Control samples, Le.. 10 [il of filtered methylene 
chloride, were run prior to each set of samples analyzed. If a large number 
of samples was analyzed, in order to validate the reliability of the HPLC 
apparatus, control samples were run after every three or four test samples. 
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The reverse-phase HPLC analyses were carried out using a Waters 600 E 
System Controller High Performance Liquid Chromatography apparatus 
consisting of: 

Microsep M741 Data Module; 

Waters 712 WISP Autosampler; 

Detector (Waters 486 Tunable Absorbance Detector); 

Column: Nova-Pak C18 4 \xm 3,9 x 150 mm and an end connector set for 
steel cartridge columns. 

RKC Rex-C 4 Column Temperature regulator. 
Running conditions were: 
Mobile phase: 

Solvent A: HPLC Grade methanol 

Solvent B: HPLC Grade methylene chloride 

Flow Rate: 2,5 ml/min 

Column temperature : 3 CC 

The detector was set at 260 nm. 
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Prior to use, the solvents were sparged with Instrument Grade helium. High 
Purity Nitrogen was used to control hydraulics of the WISP vials 
autosampier. 

The HPLC gradient initiaiiy comprised 98% (v/v) methanol (Solvent A) and 
2% (v/v) methylene chloride (Solvent B). The gradient was increased 
linearly to 80% A and 20% B at one minute; 35% A and 65% B at ten 
minutes, held for 30 seconds and then decreased over 10 seconds back to 
98% A and 2% B. This ratio was maintained for 4 minutes to allow for 
stabilization of the system prior to injection of the next sample. 

Mathematical quantification of mycoiic acids was carried out by comparing 
the combined peak areas of the tested samples to the peak area of the 
introduced quantity of the High Molecular Weight Internal HPLC Standard. 

1.2.8 Preliminary purificatioa of crude mycobacterial extracts 

In order to shorten the time required for the countercurrent purification of 
the crude mycobacterial extracts, an additional preliminary extraction step 
was introduced. This step had a dual purpose: 

i) to remove unnecessary cellular components from the crude extract 
prior to the countercurrent purification and 

ii) to reduce soap fraction in the crude bacterial extracts. 

A portion of the crude extracted material (approximately 3-4 g) was 
suspended in a minimum volume of the lower phase solvent (usually 100 
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ml), transferred into a separation funnel and mixed with an equal volume 
of the upper phase solvent. The phases were allowed to separate and the 
upper phase was removed and stored at 4°C. Into the remaining lower 
phase an equal volume of the upper phase solvent was again introduced 
and the process of the phase separation was repeated. 

The second upper phase was removed and stored at 4''C and the second 
lower phase was dried in a Buchi Rotoevaporator RE 120, at 75°C and its 
mass recorded. 

1.2.9 Countercurrent purification of mycolic acids originating from 
M, tuberculosis and M. vaccae 

Countercurrent apparatus 

A countercurrent apparatus produced by H O POST, Instrument Company 
Inc., Middle Village, New York was used during the investigations. The 
"trains" in this model consisted of 2 X 250 inter-connected tubes. 

Solvent system used in the countercurrent apparatus 

The solvent system used for the countercurrent separation consisted of: 
42% v/v chloroform (Saarchem, Chemically Pure Reagent) 
39% v/v methanol (Saarchem, Chemically Pure) 
19% v/v 0,2 M NaCl (Saarchem, Chemically Pure). 
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Doubie-distilled deionized water was used for the preparation of the solvent 
system. 

The components were mixed, equilibrated and the upper and lower phases 
were collected using a separation funnel. 

The composition of the upper phase was established to be: 

15% v/v chloroform, 52% v/v methanol and 33% v/v 0,2 M NaCl. 

The composition of the lower phase was established to be: 

68% v/v chloroform, 27% v/v methanol and 5% v/v 0,2 M NaCl. 

The countercurrent purification process was carried out imder the following 
conditions: 

A coimtcrcurrent distribution train comprising 55 tubes, numbered 0-54, was 
used iathe experiments. The upper phase solvent, a volume of 600 ml, was 
introduced into a buffer reservoir. A sample of 125 mg of mycolic acids 
L after the preliminary purification was dissolved in 50 ml of the lower phase 
solvent, divided into five aliquots and introduced into first five tubes, 
numbered 0-4. Subsequently, 10 ml of the upper phase solvent was 
introduced into each of the first five countercurrent tubes. Into the 
remaining 50 tubes aliquots of 10 ml of the lower phase were introduced. 
Upper phase, in volumes of 10 ml per cycle, was automatically dispensed 
into tube number 0, repeatedly over 55 cycles resulting ra approximately 5 
hour operation- Thus, fifty five countercurrent cycles were performed, with 
each cycle consisting of 10 mixing pendula and 3 minutes phase separation 
time. 
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Initial load of crude extract 



after tiie funnel extraction: 



125 mg 



Number of cycles: 



55 



Equilibration time: 



3 min 



1.2.11 Removal of malachite green from the countercurrent- 
purified mycolic acids 

To remove traces of malachite green derived from bacterial growth media 
(when M tuberculosis was grown on LJ slants), the countercurrent-purified 
material was selectively precipitated in the following manner. 
Coimterciment-purified mycolic acids (92 mg) were placed in a WISP vial 
into which 1,0 ml chloroform was introduced. The dissolved mycolic acids 
were transferred into a pre-weighed round-bottom flask. The vial was 
rinsed twice with 1,0 ml chloroform and the two aiiquots of chloroform 
were added to that already present in the round-bottom flask. Subsequently, 
acetone was introduced drop-wise in 500 jil aiiquots. In total, 26 ml of 
acetone was introduced and the white flakes of the precipitated-out mycolic 
acids were washed twice v^ath 20 ml acetone. The acetone supernatant, with 
the dissolved malachite green, was removed and the mycolic acids dried by 
evaporation. 

The procedure was carried out at room temperature. 
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1.2.12 Determination of mycolic acids after countercurreat 
purification 

In order to increase the accuracy of the HPLC determination of mycolic 
acids, the High Molecular Weight Internal Standard (C-100) was introduced 
into the countercurrent-purified mycolic acids before the saponification. 

© 

A sample of 0,5 mg of the countercxirrent-purified mycolic acids was 
introduced into a WISP vial containing 5 jxg of the High Molecular Weight 
Internal Standard (C-100). Saponification of mycolic acids was carried out 
with 2 ml of Reagent A at room temperature. The WISP vial was vortexed 
for 30 seconds. The extraction was carried out with 1,5 ml of Reagent B. 
After vortexing, the pH of the sample was checked and if necessary, 
adjusted to pH 1 with Reagent B. 

Subsequently, 2,0 ml chloroform was added to each sample and vortexed 

for 30 seconds. The layers were allowed to separate. The bottom layers 

were removed with Pasteur pipettes, transferred to amber WISP vials and © 

evaporated to dryness at SS'C in a heat block-evaporator under a stream of 

nitrogen. To neutralize traces of acid carried over, 100 p.1 of reagent C was 

added to each sample and the fluid evaporated to dryness at 85°C in the heat 

block-evaporator under a stream of nitrogen. 

Therefore, the main difference between the determination of mycolic acids 
after countercurrent purification and in the crude extract was the time of 
introduction of the Internal Standard. 
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1.2.13 Determination of yield of the countercurrent separation 

In order to calculate the approximate yield of purification/separation, the 
amount of the mycolic acids present in the samples obtained after the 
countercurrent separation/purification was compared to the amount of these 
compounds present in the crude cellular extract introduced into the 
countercurrent apparatus. The calculations were based on the results 
obtained by the HPLC analysis. 

It shoxild be stressed, that it is essential for the calculation of the yield of 
the coimtercurrent separation, that the mycolic acids determined by HPLC ' 
should be within the tested linear range of the HPLC UV detector. 

1.2.14 Infra-red spectroscopy 

Samples of mycolic acids to be analyzed by inira-red spectroscopy were 
prepared in the following manner. Countercurrent-purified mycolic acids, 
I mg, were dissolved in 1 ml chloroform, introduced into 200 mg KBr and 
thoroughly mixed. After the evaporation of chloroform, a pellet of mycolic 
acids in KBr was prepared by using a Shimadzu tablet die and applying a 
force of approximately 100 kilonewtons on the sample for 10 minutes. A 
control pellet was prepared using only chlorofonn, without mycolic acids 
added to the preparation. The control pellet was used to determine the 
background infra-red spectrum. The spectra were analyzed on a Perkin 
Ehner 1600 series FT-IR system and plotted on a Roland Digital Group X- 
Y Plotter DXY-1200. 
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1.2.15 Determination of the stability of tiie countercurrent-purified 
mycolic acids 

A pooled sample of the countercurrent-purified mycolic acids was prepared 
by introducing five batches of countercurrent-ptirified mycolic acids into a 
container, dissolving them in chloroform and mixing the contents very well. 
The chloroform was evaporated using a Buchi Rotoevaporator RE 120, at 
75°C and the sample dried under a stream of nitrogen. The pooled sample 
was divided into two parts which constimted two stock samples. The first 
stock sample was re-saponified and the second was left as a non-saponified 
stock sample. From both stock samples individual aliquots were withdrawn 
and placed at -20''C, 4°C and 25^C. Three samples were prepared per each 
time point and HPLC analyses were carried out after 6 weeks, 3, 6, 9 and 
12 months of storage. 

1.2.16 Methods used in handling experimental animals in the 
immunoregulatory experiments 

1.2-16.1 Environmental conditions under which the experimental 
animal were maintained 

Experimental animals 

Eight to twelve weeks old female Balb/c (a mberculosis-susceptible strain) 
and C57/blJ6 mice (a tuberculosis-resistant strain) were used in the 
"imtnunoregulatory" experiments. 

Experimental animals were accommodated in cages with a floor area of 
450 cm^, with 8 mice per cage. 
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Environmental conditions: Temperature and humidity in the animal 
facility were set at 20°C (+/- l°C) and 40% (+/- 10%), respectively. 
Lighting was provided by means of fluorescent tubes. A light-darkness 
cycle of alternating 12 hour periods was set up. 

Cages 

Mice were housed in transparent polypropylene cages with tight fitting 
stainless steel lids. Wooden shavings, after autoclaving, were provided as 
nestling material. 

Sanitation 

Animal rooms, mice cages and glass bottles were cleaned and 
decontaminated once a week using Bronocide. Water botdes after washing 
were autoclaved once a week. 

Glove isolator 

Mice infected with M. tuberculosis H37Rv were maintained in a glove 
isolator manufactured by Labotec, South Africa. The isolator was inflated 
by a positive pressure of 4 atm. It was equipped with an air inlet pre-filter 
(with the pore size of 0,6 jam) through which the incoming air was filtered 
and an outlet HEPA (High Efficiency Particulate Air) filter (with a pore 
size of 0,22 \im) through which the outgoing air was filtered before leaving 
the isolator. The air-flow rate was regulated at 7 exchanges per hour. 
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Sanitation 

Animal rooms, mouse cages, the glove isolator and water bottles were 
cleaned and decontaminated once a week using Bronocide. Water bottles, 
after washing, were autoclaved once a week. 

© 

1.2.16.2 Identification of the experimental animals 

Individual identification of mice was accomplished by making ear marks. 

1.2.16.3 Collection of blood samples and preparation of mouse 
serum 

Mice were bled from the tail vein and the blood collected into sterile 
Eppendorf s tubes. The collected blood was incubated at 37^C for one hour 
and then left at 4°C overnight for the clot to retract. The serum was 
recovered by centrifugation (in a Beckman J-6 centrifuge, at 1000 g for 15 © 
min), aliquoted m volumes of 1,0 ml and stored frozen at -70'C. 

1.2.16.4 Preparation of mycolic acids-mouse serum conjugates 

The required mass of mycolic acids (2,5 mg) was dissolved in 200 \i[ 
chloroform and added to 10,0 ml of mouse serum (see 1.2.19.3), previously 
filtered through a 0,22 j-im filter. Thus, the volume of dissolved mycolic 
acids constituted 2% of the volume of mouse serum. 

The sample was sonicated using a Branson Sonifier B 30 Cell Disruptor, (at 
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20% duty cycle, output control of 2, for 50 pulses, at room temperature). 
The sample was maintained for 1 hour at room temperature, to allow air 
bubbles formed during sonication to escape. In order to remove chloroform, 
nitrogen was bubbled through the conjugate until the chloroform odour was 
removed. The conjugate was prepared immediately before administration 
to the experimental animals. 

1.2.16.5 Preparation of bacterial suspensions for the induction of 
tuberculosis in mice 

The cells of M. tuberculosis H37 Rv, harvested JBrom LJ slants were 
suspended in the diluting buffer (0,01% v/v Tween 80 ui 0,9% m/v NaCl) 
and homogenized. After centrifugation in a Beckman J-6 centrifuge for 20 
min at 1 580 g, the ceils were washed with a sterile solution of 0,9% m/v 
of NaCl and adjusted to a concentration corresponding to a McFarland 
standard No.4. After the confirmation of the total direct bacterial count, 
carried out on an autoclaved suspension in a Neubauer counting chamber, 
the suspension was further diluted in the sterile solution of 0,9% NaCl to 
obtain concentrations of M tuberculosis corresponding to 10\ 10"* and 10* 
cells/ml. 

The viable counts of the mycobacteria in the suspensions were confirmed 
by plating 100 ul aliquotes of the relevant dilutions onto Middlebrook 7H- 
10 agar medium, incubating the plates at 37'*C for two weeks and counting 
the number of colony forming units (CFU). 

The suspensions were introduced into the experimental animals in aliquots 
of 100 \3.\ per animal. 
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1.2.16.6 Introduction of the M. tuberculosis H37 Rv suspensions, 
mycolic acids-mouse serum conjugate and mouse serum 

The introduction of the bacterial suspensions and of the mycolic acids 
conjugates was carried out via the intravenous route. Prior to injections, 
mice were heated for 5 rain in a heating box until vasodilation of the tail 
veins could be observed. 

The respective bacterial suspensions were introduced in aiiquots of 100 jj. 
1 per mouse. The mycolic acids-mouse serum conjugate was administered 
by introducing 25 |a.g mycolic acids/100 \xl mouse serum per mouse. 

Control animals received 100 jal of mouse serum introduced in the same 
maimer. 

1.2.16.7 Experimental set-up 



The experimental set-up is presented in Tables 2a - 2d. 
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Controls 

Controls were performed to test : 
• M lb infection 

Pre-treatment (single) 

- effect of the serum carrier 

- effect of the way of administration of 
MA as single or multiple injection 

Treatment (multiple) 

Treatment of mice with serum alone or 
MA adsorbed on mouse serum two weeks 
after infection in multiple injections 
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1.2.16.8 Assessment of pathology of the experimental animals 

Individual mass measurements of all the experimental animals were carried 
out at seven-day intervals, at the same time of a particular day. These 
measurements were carried out using a Sartorius electronic scale (with a 
range of 0,00-200,00 g and accuracy of 0,01 g) and a plastic beaker to 
contain the mice. 

Post mortem analyses were performed on control and infected mice. 
Dissection of the diseased mice and histological examination of the 
appropriate organs were carried out by Dr J H Vorster of the Section of 
Pathology of the Veterinary Research Institute, Onderstepoort, 0110. 

Methods used in histopathological assessments 

After dissecting of various organs, i,e., the lungs, spleens and livers, from 
mice cadavers, they were individually weighed and photographed. 

Macroscopic assessment 

Macroscopic assessment of the degree of infection in various organs was 
carried out by comparing individual organs originating from various groups 
of experimental mice to the control organs. The evaluators were not aware 
of the treatment to which individual animals were subjected. 

Microscopic assessment 

Fixation of the organs was carried out by submerging them in 10% v/v 
formaldehyde solution in PBS buffer. The organs/tissues were subsequently 
embedded in paraffin-wax and sections of 5 ^m thickness prepared by 
cutting with microtome. 
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For granuloma counts, organ sections were stained in haematoxyiin/eosin 
solution according to Luna (1968). Lesions observed in the tissues were 
graded by counting the number of granulomas per field, using 10 fold 
magnification for the liver and lung tissues and 40 fold magnification for the 
spleen tissue. 

A qualitative grading system for the assessment of the severity of lung 
lesions was devised as follows: 

1 - small, well defined granulomas in the lungs; 

2 - larger, more diffused granulomas which sometimes formed extended 
focal areas of granulomatous pneumonia, occupying less than a thurd of 
the lung tissue. Interstitial pneumonia was slightly more pronounced; 

3 - mostly fused granulomas which were extensive and affected more 
than one third of the lung tissue. 

For counts of acid-fast microorganisms, the sections were stained by 
Ziehl-Neelsen technique (Heifets and Good, 1994). (Using this technique, 
acid-fast bacteria stain red, nuclei stain dark blue and other tissue 
constiments are pale blue). 

Ziehl-Neelsen staining was used for qualitative assessment, which was made 
by comparing the number of organisms and their density within the stained 
tissue. The level of infection in the lungs, livers and spleens originating 
from various groups of mice was compared for each specific organ, but 
could not be compared among different organs, due to the difference in 
appearance and size of lesions characteristic for individual organ types. 

Biochemical assessment 

Five to seven weeks after the infection with M. tuberculosis, the mice were 
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sacrificed for cytokine profiling, the required organs removed aseptically 
and snap-frozen in liquid nitrogen. The frozen organs were maintained at 
-70°C and analyzed for the expression of various cytokines. 

1,2.17 Methods used in the Semi-Quantitative Competitive Reverse 
Transcriptase Polymerase Chain Reaction (SQC-RT-PCR) 
determination 

Background information: 

RT-PCR - Principle 

The Polymerase Chain Reaction (PCR) is a technique used for the 
amplification of DNA and the complementary DNA (cDNA) of specific 
mRNAs, which was invented by Mullis in the late 1980*s (Muliis and 
Faloona 1987; Saiki et at. 1988) for the amplification of DNA sequences 
in vitro. 

PCR is based on a series of incubation steps carried out at different 
temperamres. The template DNA (or cDNA) is denatured at a temperamre 
above 90 °C (denaturing step). The oligonucleotide primers are then 
annealed to the single stranded DNA (ssDNA) at a temperamre varying 
between 50°C and 60°C, depending on the type of primers used (annealing 
step). This process is followed by an extension of the primers by 
incorporating dNTPs, using a heat-resistant DNA polymerase and an 
incubation temperamre of 70 - 72 °C (extension step). The extension 
products of one primer provide templates for the other primers in 
subsequent cycles, so that each successive cycle essentially doubles the 
amount of DNA synthesised in the previous cycle. The result is the 
exponential amplification of the target DNA to approximately 2" (n = 
number of cycles) (Zubay, 1993; Taraaria, 1996). 
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Taking into consideration a number of variables'' which may interfere with 
the quantification of the exact amount of mRNA originally present in the 
analyzed sample, an improved technique, that of Semi-Quantitative 
Competitive Reverse Tiranscriptase Polymerase Chain Reaction, was 
employed. 

Scanning of gels was done with a densitometer (Apple Mac). The density 
of the unknown cDNA band was compared to the density of that of 6-actin 
and the concentration of the unknown cDNA could thus be estimated. The 
relative densitometric measurements were done using a Macintosh NIH 
Image Program. 

This technique can be used to accurately quantify less than 1 fg (femtogram, 
10'^^ g) of target cDNA obtained from total RNA after the RT reaction. The 
accuracy of this method can be improved by using the same master mix for 
all the samples. The master mix should contain the appropriate primers, 
PGR buffer, dNTPs, MgClz and the polymerase enzyme. The mix should 
be divided equally between all the mbes used for the PGR. 

The competitive plasmid for murine IL-12 p40 (obtained as a gift from K.L. 
Bost, University of Tulane, New Orleans, Louisiana, USA) was a pGEM- 
3Z derivative with a rL-12 fragment (334 base pairs) cloned into the Xba 
I site from the multicloning site of the vector (Bost and Clements, 1995). 

The construction of the plasmid was described by Bost and Clements (1995) 
and Chong, Bost and Clements (1996). 

■ *) The variables include: differences in the stability and purity of polymerase enzyme. dNTP 
and in buffer preparation in various batches; Mg^* concentration; DNA (template) 
concentration; primer concentration; annealing, extension and denaturing temperatures; 
length and number of cycles: rate of primer-dimer formation: presence of contaminating 
DNA. 
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1-2. 17.1 Preparation of the organs used for RNA extraction 

The organs originating from both infected and uninfected mice, used for 
the RNA extraction experiments were lungs, spleens and kidney. Mice 
were sacrificed by rapid cervical dislocation. The organs were removed 
from each mouse aseptically, and kept at -70°C after snap-freezing in 
liquid nitrogen. 

A single-cell suspension of the spleen was made by cutting the spleen 
into small pieces on a nylon sieve (70 fim mesh) in the presence of ice 
cold medium (DMEM containing streptomycin and sodium pyruvate). 
The spleen cells were concentrated by centrifugation and the excess of 
medium was removed. The erythrocytes present in the preparation were 
lysed by hj^otonic shock, i.e., by treating the cells with a 1/10 dilution 
of DMEM in sterile distilled water for 15 seconds. The lysis of the 
cells was stopped by adding excess medium. After centrifugation, the 
excess medium was removed and the cells were snap-frozen in liquid 
nitrogen (McCarron, ei al.. 1984). The cells were maintained as a dry 
pellet at -70°C. 

1.2.17.2 RNA Extraction from control and infected organs 

RNA was isolated from all the organs usmg die TRI-Reagent protocol 
based on an acid guanidium thiocynate-phenol-chloroform extraction, a 
method first developed by Chomczynski and Sacchi (1987). The isolated 
RNA was quantified by a Shimadzu UV-Visible Recording 
Spectrophotometer model UV-160, at wave-lengths of 260 nm and 280 
nm. Pure RNA (absorption ratio at 260/280 nm >/= 2,0) was used for 
PGR. 

Integrity of the isolated RNA was determined using a denaturing 
formaldehyde gel (Maniatis, 1982). These denamring conditions prevent 
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degradation of the RNA by RNases. The water used in these 
experiments was diethyl pyro-carbonate (DEPC)- treated. 

Ethidium bromide was added to the RNA sample, before it was loaded 
on. the gel, at a concentration of 0,5 ng/mi to enable visualization of the 
DNA with UV light. Pure, undegraded RNA giving the three rRNA 
bands (the 28S rRNA, 18S rRNA and the 5S rRNA) on agarose gel 
electrophoresis, was used for the reverse transcriptase reaction 
(Maniatis, 1982). 

1.2.17.3 The optimization of the different cytokine PCRs 

and the B-actin PGR 



Cytokine PCRs were optimised by using different plasmids containing 
DNA sequence fragments of the various cytokines to be evaluated/to be 
tested. These fragments of DNA are deletion mutations of fragments of 
the wild type cDNA for die individual cytokine. Both the mutated and 
the wild type cDNA can be amplified by using the same primers. 

Three different plasmids were used for this purpose: 

i) a plasmid used for the determination of IL-12 was obtained from 
K Best (University of Tulane. USA); 

ii) a plasmid used for the determination of TNF-ar was obtained from 
RL Tarleton (University of Georgia, USA); 

ii) a plasmid used for the determination of IL-4, IL-10, IFN-7 and 
TGF-B was obtamed from R M Locksley (University of 
California, San Franciso USA). 
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1.2.17.4 The amplification of the competitor plasmids 

The competitive plasmids for the determination of IL-12, TNF-a, TGF-6 
were amplified after transformation in the SURE E. coli strain and 
isolated with die Qiagen mini preparatory column kit. The recovered 
plasmids were resuspended in TE buffer (10 mM Tris pH 8, 1 mM 
EDTA) and stored at -20°C. 

A list of the sequence of sense and anti-sense primers, their annealing 
temperatures and the wild type fragment size is given below in Table 3. 
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'^^^'^ 3 A list of the sequences of the sense and antisense 

primers, their annealing temperature and the wild 
type fragment size 



Type of 
PCR 


Sequence of the primers 


Fra^ent 
Size 


Annealing 
temperafure 


1. p-actin^ 


S: ^CTC CAT CGT G<3<3 CCG CTC TAG''- 
AS: -^GTA ACA ATG CCA TGT TCA AT' 


133 bp 


59 °C 


2. IL-I2 • 


S: ^CCA CTC ACA TCT C-CT OCT CCA CAA G^ 
AS; 'act TCT CAT AGT CCC TTT GGT CCA G^ 


266 bp 


60 °C 


3. TNF-a' 


S : ^ GTC TAG TTT AGA GTC ATT GC ^ 
AS: ^ GAG ATT CGA GGC TCC AGT G ' 


275 bp 


48 "C 


4. TGF-p^ 


S; ''ACA GGG CTTTCG ATT CAG CGC ^ 
AS CAC CTA GGT GCT CGO CTT CCC ' 


306 bp 


60 "C 


5. IFN-/ 


S : ^' CAT TGA AAG CCT AGA AAG TCT G ^ 
AS:^ GCTTTTTCCTAC GTAAGTACTC^ 


267 bp 


60 °C 


6. EL-IO'' 


S: ^ CCA GTT TTA CCT G<JI AGA AGT GAT G 
AS: ^'aAC TCA GAC CTG AGO TCC TGG ATC TGT'" 


324 pb 


60 °C 



Ma et al 1994 

2. Chang et al . 1996. 

3. Benavidcs et al , J 995. 

4. Redner et al . 1994. 
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1.2.17.5 Semi-Quantitative Competitive Reverse 

Transcriptase Polymerase Chain Reaction (SQC- 
RT-PCR) determination of EL- 12 

The primers were individually diluted in TE to a concenixation equal to 
132-133 pmol). PCR reactions, carried out using the MJ Research 
Peltier Thermal Cycler (PTC-200). were performed based on the protocol 
developed by Bost and Clements (1995). The protocol was adjusted due 
to a different type of PCR apparatus and to a different enzyme used (see 
Table 3). 

The enzymes used in the SQC-RT-PCR during the exploratory phase 
were Dynazyme (Recombinant Taq Polymerase). Amplitaq Gold (Taq 
polymerase) was used in the final PCR experiments. Amplitaq Gold is 
a more sensitive and heat-stable enzyme-antibody compiex, which is 
activated at temperatures above 90 °C. The PCR conditions for using 
these two enzymes differ. 

For Dynazyme, a 3 min Hot Start (3 min at 96°C followed by I min at 
80°C) was required before the enzyme was introduced into the reaction 
mixture. After the enzyme was added, three cycles consisting of: 

45 sec at 94 °C 

followed by 75 sec at 58''C and 
105 sec at 72°C 

were run to initiate the synthesis of the second cDNA strands. 

The subsequent amplification cycle consisted of the following shorter 
steps: 



35 sec at 94°C, 
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45 sec at 58 °C and 
75 sec at 72°C . 

This cycle was repeated 29 times. 

Because Amplitaq Gold enzyme is heat stable, the enzyme was added 
before the PGR cycling was initiated by an incubation step for 10 min at 
94°C. At this temperature, the enzyme became activated. The rest of 
the cycling profile remained the same as for the Dynazyme enzyme. 

The optimum concentration of MgCIj and primer was determined for 
each enzyme in a series of experiments. 

Each PGR reaction mix consisted of 2 mM MgClj (for Dynazyme) or 1,5 
mM MgClz (for Amplitaq Gold), 0,2 mM dNTP, PGR buffer suppUed 
with the enzyme and 2U polymerase enzyme, 500 ng of each primer and 
plasmid DNA w^s added to the mixture. The final reac^on mixture 
volume was made up to 50/ii with sterile deionised water. 

A furst QC-RT-PCR approach protocol was described by Bost and 
Clements (1995) for interleukin 12. For the QG-RT-PGR both the RT 
mix and the IL-12 p40 plasmid DNA were added to the reaction mixture. 
The RT-raix (for the first strand cDNA) had a total volume of 20/il. This 
volume was divided into different percentages eg. 60% ; 20% ; 6% ; 3% 
etc, according to the protocol of Bost and Clements (1995). A constant 
concentration of plasmid DNA was added to the PGR reaction mix. 

A different approach described by Ghong, Bost and Clements (1996)was 
subsequently applied for optimization of PGR conditions. According to 
this protocol, the RT-mix was constant at 20% (4 yii of RT-mix were 
used), and different concentrations of the plasmid DNA were added. 
Plasmid was added in the following dilution range: 0.5, 0.25, 0.125, 
0.062, 0.032, 0.016 and 0.008 pg. 
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The final PGR product was visualised on a 2 % agarose gel containing 
0.5 ;ig/ml ethidium bromide. It was found that the digested plasmid 
gave better results than the undigested plasmid due to better denaturation 
of the plasmid material. The digestion was performed with the enzyme 
Xba I at 37 °C for 3 hours. 

1.2.17.6 15-actin PGR: 

The 6-act:n PGR was performed as an mdication of the amount of mtact 
mRNA. Ampiitaq Gold was used as DNA polymerase. The same PGR 
cycling protocol as that of IL-12 p40 was used, except for the anneaimg 
temperamre for the 6-actin primers which was 59°G instead of 58°G. 
The elongation and amplification cycles were the same as that of IL-12 
PGR. 

The sequences of die primers used are given in Table 3. 
1.3 RESULTS and DISCUSSION 

1.3.1 The influence of the modified method of purification on yield and 
purity of mycolic acids 

By applymg modifications to the previously patented purification procedure (SA 
Patent Applications No 95/1464 and 96/1412), i.e., by using NaGl as described 
under 1.2.8 and 1.2.9, larger amounts of the extracted mycolic acids could be 
purified in a single run of countercurrent separation, without impairing the degree 
of their purity. This is illustrated by the results summarized in Table 4 as well 
as in Figures 2a and 2b, for mycolic acids originating from M. tuberculosis and 
. M. vaccae, respectively. Although a yield of approximately 10% m/m of the 
purified mycolic acids was previously reported, it was subsequently established 
that yields of pure mycoHc acids using either method, varied between 3 and 10% 
m/m depending on the particular batch of bacteria used for extraction. 
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Table 4. Yield and purity of the mycolic acids originating from 

M. tuberculosis, piurified using the improved method 



Parameter 


Original method 


Method with NaCl 


Loaded mass of mycoiic acids^cnide 
extraa 


31.1 mg 


3 760 mg 


Mass of countercurrent-purified mycolic 
acids 


3.5 mg 


218 mg 


Equilibrauon time 


40 miTi 


5 mm 


Number of cycles 


24 


30 


Duration of ttie nm 


18 hours 


3,5 hours 


Yield 


5,3%-10% 


5,8%-7.8% 



1.3.2 Structural analysis of mycolic acids originating from M. 
tuberculosis, using infra-red spectroscopy 



In order to evaluate the influence of the process of saponification, freezing and 
storage on the conformation of purified mycolic acids, the infra-red spectra of 
a number of samples were anai5^ed. 

The infra-red spectrum of countercurrent-purified mycolic acids, originating 
from M. tuberculosis, prior to saponification is presented in Fig. 3. 

The spectrum in Fig. 3 provides evidence that mycolic acids after 
coimtercurrent purification exist in the methylester form. The absence of a 
broad absorption band spanning the 3000-2000 cm'* frequency range indicates 
tbat there are no free carboxyiic acids. The intense narrow band at 2800-2950 
cm'* indicates aliphatic namre of the compound. In addition, the narrow band 
of absorption at 1750 cm"* indicates the presence of an ester form. 

The infra-red spectrum in Fig. 4 shows the pattern observed after 
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resaponification of the countercurrent-purified mycoiic acids. The anticipated 
presence of free carboxylic acid groups could not be confirmed, which suggests 
that inter- or intra-molecular interaction of the carboxylic acids with other 
functional groups took place. 

Figure 4 also shows that this inter- or intra-molecular rearrangement of the 
carboxylic acids restricts the degree of aliphatic breathing (a decreased 
absorption in the 1720-1500 cm'^ range) in comparison to that of the methyl 
ester form (Fig. 3), indicating a conformationally rigid strucmre. This would 
imply a significant structural alteration caused by the process of 
resaponification*. 

The carboxylic acids rearrangement over time did not manifest as changes 
observed in the infra-red spectra. In addition, the influence of freezing at 
-70°C and storage at 10°C on the configuration of mycoiic acids was also 
investigated. The respective infra-red spectra are presented in Figures 5 and 
6. 

Prior to freezing at -70°C and storage at 10<^C, the samples of mycoiic acids 
were freshly resaponified. Freezing at -70°C appears to loosen up the strucmre 
of mycoiic acids and leads to the increase of aliphatic breathing and "out of 
plane" bending within the molecules. This is probably due to the decrease in 
the strength of van der Waals' forces caused by the withdrawal of water as ice 
crystals. 

1.3.3 Stability of mycoiic acids 

Stability of mycoiic acids was investigated by maintaining equal aliquots of 
samples of countercurrent-purified mycoiic acids in the methylester form as 



wo 98/39025 



PCT/GB98/00681 



106 

well as saponified mycolic acids, originating from the same batch, at -20°C, 
4°C and 25°C for 12 months in either the dry form, precipitated under acetone, 
or dissolved in chloroform. 

The results obtained after 12 months are summarized in Fig. 7 for mycolic 
acids stored in the dry state. Similar results were obtained for mycolic acids 
stored in the acetone -precipitated and chloroform-dissolved state, but with 
higher variance. 

On the basis of the HPLC analysis of the various samples of mycolic acids 
stored at -20°C, 4°C and 25°C, it was concluded that mycolic acids in either 
methyiester or saponified form were stable for at least 12 months. The 
apparent gradual increase in absorptivity could be an artifact of calibrating the 
new internal standard with old samples of mycolic acids but is not due to a 
chemical process, which would have manifested itself by different values for 
different temperamres of storage, 

1.3.4 Immunoregulatory properties of countercurrent-purified mycolic 
acids 

Investigations of the immunoregulatory properties of countercurrent-purified 
mycolic acids were centred on two main aspects, i.e.: 

i) their ability to extend the survival of the M. tuberculosis- 
infected mice; 

and 

ii) theii cytokine profile in various organs over short and long 
term with or without concomitant infection with M. 
tuberculosis. 
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These investigations were based on the following experiments: 

i) The investigation into the influence of pre- and post-treatment of the 
experimental mice with resaponified mycolic acids on their survival 
after the infection with M. tuberculosis: 

ii) The immunoregulatory effect of mycolic acids on the expression of 
interleukm 4 (IL-4), interieukin 10 (IL-10), interleukdn 12 (IL-12), 
interferon y (IFN-y), tumour necrosis factor a (TNF-a) and 
transforming growth factor fi (TGF-j3) in the lungs of M. tuberculosis- 
infected and non-infected experimental animals. 

Before the results obtained in the course of this investigation are presented and 
discussed, a number of technical aspects having a dkect influence on the 
outcome of the experiments as well as on the repeatability of various 
immun'Oreguiatory experiments is Hsted and briefly discussed below: 

1 . The infection with M tuberculosis was introduced not by inhalation but 
by intravenous injections. Although the inhalation is a more natural 
method of infection, it is very difficult to control and consequently to 
quantify the number of mycobacterial cells introduced. The intravenous 
injections permitted a more accurate introduction of the intended dose 
of M. tuberculosis. 

2. The introduction of the mycolic acids-mouse serum conjugates to the 
experimental mice was likewise done by intravenous injections. This 
method is however restricted by procedural difficulties. The difficulties 
are associated with the introduction of a thick suspension in relatively 
large volumes into a vein of the mouse tail. Not infrequently this 
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procedure leads to a leakage of the introduced material. 

3. The preparation of mycolic acids-mouse serum conjugate involves a 
random adsorption process which normally does not result in a uniform 
distribution of mycolic acids over the surface of mouse serum protein. 

4. The acmal number of live cells of Mycobacterium in the introduced 
dose is very difficult to establish and can differ from the intended 
number of bacterial cells. The number of viable bacteria is usually 
determined on the basis of the number of colonies formed when a 
suspension of the bacteria to be enumerated, appropriately diluted, is 
spread on the surface of a solid growth medium and incubated. Ideally, 
such a suspension should consist of single bacterial cells. The living 
bacteria, in the presence of required nutrients will multiply, and, within 
a short period of time (24-48 hours), each living cell should give rise to 
a single colony. However, in the case of bacteria which form long 
chains or clusters of cells, or which branch and do not separate easily 
during the preparation of the suspension, a single colony will frequently 
originate from a cluster of living cells. In such cases, the number of 
colonies formed is lower than the actual number of living cells in the 
enumerated suspension, and is denoted by the term "colony forming 
units" (cfii)" rather than the viable number of cells. 

Mycobacterium cells during multiplication tend to branch and this in 
turn leads to the formation of cell clusters. Such clusters are difficult 
to disrupt and convert to a unicellular suspension, despite attempts 
■ aimed at homogenising the suspensions. When introduced on to the 
surface of solid media such clusters, comprising a number of cells will, 
form colonies. Therefore, an underestimation of the number of viable 
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cells is usually obtained. 

5. Variations in the stability of individual interleukin MRNA in various 
organs (discussed in the Background to the Invention, section 3.2) 
constitute another source of inaccuracies in the determination of 
cytokine profiles. 

6. The mouse senmi, used as a carrier of mycolic acids in some of the 
experiments, was found not to be a neutral molecule, but to possess 
non-specific immunoregulatory activity. Therefore, the protective 
properties of the pmified mycolic acids, reported in these investigations, 
might have been distorted, and to a certain degree even decreased, by 
the immunological activity of mouse serum. 

7. Taking also into account low accuracy, typical of densitometric 
quantification of electrophoresis bands, the cytokine profiling reported 
in the work was undertaken as a tentative, qualitative screening only. 

Preliminary experiments 

The aim of these experiments was to determine the effects of resaponified 
mycolic acids on healthy, uninfected mice and to confirm the difference in the 
resistance of Balb/c and C57B1/6 mice to the infection with M. tuberculosis. 
These experiments are discussed in sections 1.3.4.1 and 1.3.4.2. 

1.3.4.1 The influence of treatment of the experimental mice with 

resaponified mycolic acids originating fromM. tuberculosis 

In order to investigate the effects of mycolic acids on the experimental animals. 
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Balb/c mice were injected with 250 jj.g mycolic acids/mouse serum conjugate. 
After a boost with 25 jig mycolic acids/mouse serum conjugate two weeks later, 
short (24 and 48 hours) and long term (14 days ) effects of this treatment were 
measured. The cytokine profiles of IL-12, IFN-y, TNF-a and TGF-P in the 
lungs of the mycolic acids-treated mice and the control, serum-treated mice, were 
determined. No significant response to the mycolic acids/mouse serum conjugate 
was observed in the spleens of the experimental animals. The cytokine profiles 
of IL-12, IFN-y, TNF-a and TGF-p in the lungs are presented in Fig. 8. 

As becomes apparent from Fig. 8, levels of the pro- inflammatory c5^okines, IL-12 
and of IFN-y, in the limgs of mice treated with mycolic acids/mouse serum 
conjugate were higher than those observed for the mice treated with serum only. 
For the anti- inflammatory . TGF-P, there was no significant difference between the 
levels observed in the lungs of the mice treated with mycolic acids/mouse serum 
conjugate and those treated with mouse serum only. The results obtained for the 
pro-inflammatory TNF-a show that this cytokine appears responsive towards the 
treatment with mouse serum only. 

1.3.4.2 The resistance of Balb/c and C57BI/6 mice to the infection 

with M. tuberculosis 

The variable resistance of different mouse strains towards the infection with M. 
tuberculosis has been reported not to be due to genetic differences of the major 
histocompatibility (MHC) gene complex. Rather, the genetic difference responsible 
for the extent to which interleukin 12 (IL-12) is synthesized and secreted by 
various strains of mice appeared to be one of the responsible factors (Flynn et al, 
1995). Expression of the inducible IL-12 is lower in s^pleens from mice susceptible 
to infection with M. tuberculosis compared to the more resistant mouse strains 
(Kobayashi et al, 1996; Yoshida, Koide and Uchijima, 1995). 
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This conclusion was corroborated by our experiments using inbred Balb/c 
susceptible to infection with M. tuberculosis and C57BI/6, a more resistant mouse 
strain. Firstly, the survival studies were carried out to establish the degree of 
resistance of these mice. The results are presented in Table 5. 

Secondly, IL-12 mRNA expression was compared in these two strains of mice. 
Balb/c and C57B1/6 mice were infected with equal doses of M. tuberculosis 
(approximately 10^ cells/mouse) and sacrificed after 14 days. The results presented 
in Fig. 9 indicate that the organs that responded in their IL-12 expression towards 
the infection with M. tuberculosis were the liver and kidneys in both strains and 
the lungs in only the susceptible Balb/c strain. In the lungs of the more resistant 
C57B1/6 strain, the uninfected organs already expressed a high level of IL-12, 
which did not change upon infection. 

By treatment with mycoiic acids, IL-12 expression in the lungs was enhanced (see 
Fig.8) thus providing the protection typical of the more resistant strain. It is 
important to realise that the serum carrier on its own appeared to suppress the IL- 
12 levels in the animal organs (see point 6 in section 1.3.4). 
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Table 5 Survival of Balb/c and C57B1/6 mice upon infection with M. 

tuberculosis 



Bacterial dose 


Survival (vv'eeks) 


Balb/c 


C57B1/6 




3m 


Im 




3b 


3m 




3m 


3m 




3m 


3m 




3m 


lOm 




3m 


I5m 




3m 


18b 




llo 


19o 




llo 


20o 




llo 


20o 


10' 


6o 


alive 




7m 


alive 




8o 


alive 




19o 


alive 




21o 


22 o 



■ = Natural death due to tuberculosis 



o = Death by euthanasia after severe TB symptoms have developed 
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Immunoregulatory properties of mycolic acids originating from M. 
tuberculosis and M. vaccae 

The aim of these experiments was to establish whether mycolic acids 
originating from M. tuberculosis and M. vaccae could offer a degree of 
protection against tuberculosis to the experimental animals and whether such a 
protection was reflected in the profiles of the selected cytokines. 

The results obtained in the treatment with mycolic acids preceding (pre- 
treatment) and following (post-treatment) the infection with M. tuberculosis are 
presented in sections 1.3.4.3, 1.3.4.4 and 1.3.4.5. 

13,43 The influence of pre-treatment and post-treatment of 

the experimental mice with resaponified mycolic acids 
originating from M. tuberculosis on their survival after 
the infection with M. tuberculosis 

In order to establish whether the immmoregulatory properties of mycolic acids 
could protect against or enhance the stisceptibility to the infection with M. 
tuberculosis, an experiment described in section 1.2.16 was carried out. The 
expression of IL-4, IL-10, IL-12, IFN-y, TNF-a and TGF-B was measmed by 
PGR in the tissues originating from the lungs and spleens of the experimental 
animals. 

The results obtained in IR IV provide evidence that pre-treatment of Balb/c 
mice with 25 }ig mycolic acids, one week prior to the infection with M 
tuberculosis, enhanced the survival of the infected mice (Fig. 10). This 
protective effect was also seen in C57BI/6 mice but was less pronounced (Fig. 
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11). The introduction of mycolic acids to Balb/c mice three weeks after 
infection with M. tuberculosis, did not lead to protection (Fig, 12). At double 
the dose, however, a degree of protection was observed illustrating the potential 
of mycolic acids also as an anti-tuberculosis agent (Fig. 12). Protection was also 
observed m M. tuberculosis-infected C57BI/6 mice upon post-treatment with 
mycolic acids three weeks after the infection (Fig. 13). 

In two more experiments (Nos IR III and IR VII), mycolic acids induced 
protection, while in another experiment (IR V) less significant differences in 
survival were observed between treated and non-treated animals (results not 
shown). In the latter case, the duration of survival before the first death 
occurred was considerably longer, suggesting that protection was provided 
especially when relatively large doses of pathogenic bacteria were administered. 
In IR V however, macroscopic observation of the degree of tubercle formation 
in the infected lungs showed a degree of protection in the mycolic acids-treated 
animals seven weeks after the infection, with no evidence for protection in other 
organs (Table 6). It therefore appears probable that at subacute doses of the 
pathogen, a short term protection of the lung by mycolic acids pre-treatment 
could be rendered redundant due to the progression of the infection in the other 
organs. 

The assessment of pathological changes in the organs dissected from the mice 
is presented in Table 6. 
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Assessment of pathological changes in the organs dissected from mice 
of immunoregulatory experiment No V (IR V) 



Group 


Ml 1st Orj^n cxtrscdoa • 




2ad Orjis tnr: 


crien 


Ml 3rd Or»an tsnalan 

1 f 1 1 weeks) 






Luazs 1 Liver 




Scic=n 


L:nzs 1 Liver 




Solesa 


Uazs 


Uvsr 


-TB iiifecrion 


1 


nora 


nonn 1 noir: 


1 


acra 


aora 




1 




- 


- 




2 


nom 






nor= 1 aorzi 1 cora 


2 


- 


- 


- 




3 




notn 1 ncna 


3 


ncna 1 aor=i 1 norm 


3 


- 


- 


- 


-TB iafecrion 


I 


> 






1 


» 




Ired 


I 


» 











> 


-* 1 nom 


2 


»> 




Ired 


2 


> 




red 




3 


> 




red 


3 


»> 




Ired 


3 


» 




norta 


Ma ih Dre-treated 


1 






red 


1 








1 


> 










> 




red 


- 


> 




locrsi 


2 


> 








3 


> 




red 


3 


> 






3 


> 




corn 




1 


> 






1 


> 




Ired 


1 


> 








2 


> 




red 


2 


> 




Ired 


2 


> 








3 


> 




nom 


3 


» 




jaona 


3 


» 




red 


Seruia Dre-ff«ated 


I 


> 




nors 


1 


» 






1 


> 




nora 




2 


> 




red 


2 


»> 




jnaxz3 


2 


» 








3 


> 




red 


3 


> 






3 


> 




red 


MA th oost-nxated 


1 


> 




oona 


1 


> 






1 










2 


> 




aona 


2 


» 






2 


> 








3 


> 






3 


»> 




1 ncnn 


3 


> 






MAvaesar post-g-eated 


1 


> 1-^ 


noa 
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1.3.4.4 The influence of pre-treatment and post-treatment of 

the experimental mice with resaponified raycolic acids 
originating from M tuberculosis on cytokine profiles in 
the lungs 

Lungs used in the cytokine detenninations were removed from mice five weeks 
after the infection with M tuberculosis. 

1.3.4.4.1 Pre-treatment with mycolic acids and its effect on IL-12 

in the lungs 

Interleukin 12 was determined in the lungs because: 

i) IL-12 is mainly expressed by macrophages, which are 
abradant in the Itmgs; 

ii) it is known to play a role as a pro-inflammatory cytokine 
in protection against tuberculosis; 

iii) its expression in mice has been found to be enhanced by the 
introduction of mycolic acids (see section 1.3.4.1). 

Three doses of mycolic acids, i.e., 12,5 ^g, 25 /ig and 50 }ig were used in IR 
rV for pre-treatment. The results presented in Fig. 14 indicate that mycolic 
acids enhanced IL-12 expression in the lungs up to an optimirai dose (25 ^g), 
after which expression was suppressed. This correlated with the protection that 
was mduced by mycolic acids pre-treatment (Fig. 15). Protecnon by mycolic 
acids as well as concomitantly enhanced expression of IL-12 was confirmed in 
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IR V (Table 6). 

1.3.4.4.2 Pre-treatment with mycolic acids and its effect on IFTV-y 

in the lungs 

Interleukin 12 is known to exert some of its immunoregulatory properties 
through the stimulation of IFN-7, which then provides protection against 
mberculosis infection. In order to determine whether this correlation held true 
for the protection provided by mycolic acids, the degree of expression of IFN- 
7 was determined in the lungs, five weeks after the infection with M. 
tuberculosis. 

The results presented in Fig. 16 do not clearly support a model in which rFN-7 
is the cytokine stimulated by IL-12 to exert a protective effect in animals 
against tuberculosis. This also applies to the measurements of TNF-o: (results 
not shown). In a repeat experiment (IR V, as shown in Fig. 17) the results 
presented in Fig. 16 could not be confirmed for both IFN-7 and TNF-ct. 

It was concluded that the semi-quantitative PGR is not sufficiently reliable in 
providing quantitative data on subde differences between IFN-7 and TFN-a 
expressions of mycolic acids in treated and untreated mice. However, it is 
adequate to show qualitatively that IFN-7 and TFN-a are expressed upon 
infection with M. tuberculosis. The data do not exclude the possibility that 
IFN-7 and possibly TNF-a may play effector roles in response to the increased 
IL-12 expression induced by mycolic acids. 



wo 98/39025 



PCT/GB98/00681 



118 

1.3.4.4.3 Pre-treatment with mycolic acids and its effect on TGF- 

B in the lungs 

The correlation that was found between the protective effect of mycolic acids 
and its influence on IL-12 expression indicated that protection was brought 
about by a pro-inflanunatoiy mechanism. The expression in response to pre- 
treatment with mycolic acids of two other pro-inflammatory cytokines, IFN-7 
and TNF-a (results not shown), did not yield satisfactory quantitative results, Q 
but at least did not argue against a pro-inflammatory effect induced by mycolic 
acids. TGF-jS is an anti-inflammatory cytokine expressed in macrophages which 
might respond to mycolic acids. 

The results in Fig. 18 indicate that die levels of expression of the anti- 
inflammatory cytokine TGF-iS were already high in the non-infected control 
mice. This is the only one of the four cytokines investigated that gave this 
result. It would not be unusual for an anti-inflammatory cytokine in the lungs 
to maintain a high level of expression under normal conditions when the 
inflammatory response could do harm to normal, uninfected lung tissue. After 
the infection with M. tuberculosis, the levels of TGF-jS expression were not ^ 
significantly altered, although a broad spread of measured values was 
obtamed, indicatmg the possibility of unstable mRNA strucmre. Introduction 
of homologous serum into the animals significandy lowered the expression of 
TGF-j8, while there was a tendency to restore this level by addition of mycolic 
acids adsorbed onto the serum. Due to the spread of the measurements for 
every point of data, a defmite conclusion based on a fine resolution between 
experimental groups of animals could not be made. 

These measurements of expression of TGF-/? illustrate the complicating role 
that homologous senmi played in defining the immunoregulatory role of 
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mycolic acids. Ignoring the effect of the serum carrier, the data might have 
suggested a reduced expression of TGF-/3 under the influence of mycolic 
acids, as Fig 19 illustrates. 

1.3 .4.4.4 Post-infection treatment with mycolic acids and its effect 

on IL-12, IFN-7 and TGF-li in the lungs 

Balb/c mice infected with M. tuberculosis and treated with mycolic acids three 
weeks after the infection, showed protection against mberculosis (Fig. 12). 
This was also observed in C57B1/6 mice (Fig. 13). The measured values for 
expression of IL-i2 in the lungs of Balb/c mice post-treated with mycolic acids 
(Fig. 20) do not support a model ui which this cytokine mediates the 
protection, as was found in pre-treatment. Although the IFN-7 expression 
levels correlated positively with IL-12 expression levels (Fig. 21), they did not 
correlate with increased survival. Figure 22 indicates a decreased TGF-B 
expression in the lungs of Balb/c mice that were treated with 48 ^g of mycolic 
acids after the infection with M. tuberculosis. This decreased TGF-fi 
expression correlated with an increased survival. 

These observations indicate a different model of protection provided by 
mycolic aids as a potential dierapeutic agent against infection with M. 
tuberculosis, i.e., the down-regulation of the anti- inflammatory process in the 
lungs. 
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1.3.4.5 The influence of p re-treatment and post-treatment of 

the experimental mice with resaponified mycolic acids 
originating from M. tuberculosis on cytokine profiles in 
the spleens 

Spleens used in the cytokine determinations were removed from mice five 

weeks after the infection with M. tuberculosis. ^ 

The Thl response has been previously indicated as the protective mode of Th 
cells to provide protection against tuberculosis. Because infection with M. 
tuberculosis was, in our experiments, routed systemicaily through the tail vein, 
the spleen was regarded as a prime lymphoid organ from which the Thl/Th2 
bias could be determined, using IFN-7 as the indicator for a Till and IL-4 as 
the indicator for a Th2 response. These cytokines would have acted 
antagonistically, if the spleen became biased in one of the two modes. upon 
immune challenge- by M. tuberculosis. However, from the results presented 
in Fig. 23 it is evident that the infection with M. tuberculosis induced the 
expression of both cytokines and neither the expression of IFN-7 nor of IL-4 © 
was significantly altered by the pre-treatment or post-treatment widi mycolic 
acids. 

These results suggest that: 

i) the spleen does not appear to be the organ where the role of mycolic 
acids as a protector against tuberculosis is decided; 

ii) the T cells do not appear to play the decisive role in providing 
protection against mberculosis upon the administration of mycolic acids. 
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1.3.4.6 The influence of pre-treatment and post-treatment of 

the experunental mice with resaponified mycolic acids 
originating from M. vaccae after the infection with M. 
tuberculosis 

The immunoregulatory effects of mycolic acids were found to be present 
irrespective of the source species of Mycobacterium from which they were 
obtained. Mycolic acids extracted from M. vaccae. after the countercurrent 
- purification, stimulated the expression of interleukin 12 in Balb/c mice (Fig. 
24) and induced protection against mberculosis in the lungs of the experimental 
animals (Table 6). These results confirm the effects observed m the mice pre- 
and post-treated with mycolic acids originating from M. tuberculosis, described 
in sections 1.3.4.3 and 1.3.4.5. 

1.3.5 ASSESSMENT OF THE SIGNIFICANCE OF THE RESULTS 

The results obtained in the above experiments indicate that mycolic acids can 
protect mice against infection with M. tuberculosis, particularly when 
administered before the infection/onset of the disease. The kidneys, liver and 
limgs in mice were found to respond to mycolic acids even without the 
infection with M. tuberculosis (Fig. 8). 

It should be stressed that the lungs from the mycolic acids-pre-treated animals 
were the only organ in which a significantly reduced tubercle formation could 
be observed upon macroscopic post-mortem assessment (Table 6) and were also 
the only organ that responded differently to the infection with M. tuberculosis 
in respect of IL-12 expression. It was, therefore concluded, that the protection 
provided by mycolic acids manifested itself mainly in tiie lungs. Preliminary 
evidence from IR V indicated that mycolic acids from other species of 
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Mycobacterium (e.g. M. vaccae) could also induce immune effects in the lungs 
of mice infected with tuberculosis (Fig. 24). 

The cytokine profiling of the lungs and spleen live weeks after the infection 
with M. tuberculosis, with or without pre- or post-treatment with mycolic 
acids, confirmed the observation that the lungs were the responsive organs to 
the antigenic challenge with mycolic acids. Although cytokine expression in 
the spleen was induced upon the infection widi M. tuberculosis, it was not Q 
significantly altered by the pre- or post-treatment with mycolic acids. No bias 
towards either Thl or Th2 mode of immune response was evident from the 
measurements of the IFN-y and IL-4 expression levels in mice infected with 
tuberculosis, treated or untreated with mycolic acids (Fig. 23). 

The results of IL-12, IFN-7 and TGF-6 measurements in the lungs of the 
experimental animals support the view diat a pro-inflammatory mechanism of 
protection against tuberculosis was elicited by pre-treatment with mycolic 
acids. Interleukin 12 expression correlated positively with the survival of the 
M. tuberculosis-Mtctcd mice, while IFN-y (although induced) and TNF-a, 
could not be determined with sufficient accuracy to clearly demonstrate its role @ 
in the protection. The TGF-B levels in the organs of the experimental animals 
remained largely unaltered. 

During the post- infection treatment with mycolic acids, the levels of expression 
of IL-12 positively correlated with those of IFN-7. No correlation with the 
protection against mberculosis by mycolic acids was observed. Rather, a 
down-regulation of TGF-B appeared to be a possible mechanism of protective 
inflammation in the lungs. This mechanism might explain the lower efficiency 
of the post- infection therapy with mycolic acids. 
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Overall, the mechanistic model of mycolic acids- induced protection against 
tuberculosis, supported by the experimental evidence provided above, allows 
for the prediction of a much enhanced protection offered by mycolic acids 
agamst the disease, when the infection with M. tuberculosis occurs by die 
nonnal route, i.e., by inhalation into the lungs. It appears possible that the 
administration of mycolic acids directly into the lungs of tuberculosis- infected 
individuals, via inhaled vapours generated by a nebuliser could greatly reduce 
the incidence of infection with M. tuberculosis and also aid towards recovery 
from the disease. 

The above findings can be extrapolated to hu m a n beings, and it can be 
expected that the response in humans towards the treatment with mycolic acids 
should be better. This assumption is based on the fact that humans possess 
mycolic acids presenting molecules, CD lb, expressed on their antigen 
presenting cells, the homologue of which has hot yet been idendfied in mice. 

Positive evidence was found for short term prevention or therapy of 
tuberculosis by mycolic acids in rats and mice. The results obtained would 
suggest that Th cells did not participate in the immune response upon challenge 
with mycolic acids either before or after die infection with M. tuberculosis. 
However, as humans possess CD lb molecules mycolic acids may have a role 
in human vaccines, i.e., for using them to provide .long term immune memory 
against infection with M. tuberculosis. 

The experimental evidence supports a role of cells of innate immunity, such as 
macrophages and natural killer cells, in responding towards mycolic acids 
administration in a manner that decreases the pathogenic effects induced in the 
lungs by M. tuberculosis. 
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EXAMPLE la: Protection against tuberculosis in mice provided by the administration 

of purified mycoHc acids. Experiments involving animals infected 
witii M. tuberculosis by intra-nasal administration 

la. 1 Rationale: 



Dissemination of Asf. tuberculosis occurs in nature by inhalation of airborne droplets 
containing a few bacdlli, expeaorated by infected individuals with "open" pulmonary disease 
i.e., by smear-positive patients. Such patients have very high ntunbers of bacilli in their 
sputum (at least 5 000 badUi/ml) whidi are visible on standard microscopical examination. 
As the lungs are the most frequent portal of entry, they are the most frequently affected 
organ in man, although virtually any organ or system of the body may be invaded by M. 
tuberculosis. 

In order to imitate the natural way of entry of mycobacteria mto the experimental animals, an 
additional experiment was carried out in which the animals were infected by the intra-nasal 
administration of mycobacteria, while the route of administration of mycobaaerial mycolic 
adds remained intravenous. 

The results obtained from tlie treatment of mice with mycolic adds in the absence 
of Af. tuberculosis infection (Example 1), indicated the lungs as the site of mycolic 
adds-induced TL-12 expression. This suggested that mycolic adds co\ild be espedally 
effective as prophylactant if tuberculosis infection was given through the intra-nasal route, 
targeting the lungs directly. 

The survival of mycolic adds pre-treated mice Balb/c, infected with Af. tuberculosis either 
intravenously or intra-nasally, was therefore tested. 

la. 2 Materials 

The materials used in the Example la, i.e. the bacterial culture, media, reagents, the 
experimental animals and plasticware were identical to those described in Example 1. 

Methods 

The methods xised in the experimental work carried out to perform Example la i.e, the 
cultivation of M. tuberculosis, viable and total baaerial counts, the preparation. 
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extraction, purification and analysis of mycolic acids, the preparation of mycolic acids- 
mouse serum conjugates, the preparation of bacterial suspensions for the induction of 
tuberculosis in mice as well as the methods used in handling experimental animals and 
tihe conditions of their maintenance, were identical to the corresponding methods 
described in Example 1. 

However, the manner in which the suspensions ofM. tuberculosis cells were intnxiuced 
into Balb/c mice was different and is described in detail below. 

2.1 Introduction of the Af. tuberculosis H37 Rv suspensions 

The cells of M tuberculosis H37 Rv, harvested from U slants, were suspended in the 
diluting buffer (0,01% v/v Tween 80 in 0,9% m/v NaCl) and homogenized. After 
centrifugation in a Beckman J-6 centrifuge for 20 min at 1 580 g. the cells were washed 
with a sterile solution of 0,9% m/v of NaCl and adjusted to a concentration 
corresponding to a McFarland standard No.4. After the confirmation of the total direct 
bacterial count, carried otrt on an autodaved suspension in a Neubauer counting chamber, 
the suspension was further diluted in the sterile solution of 0,9% NaCl to obtain 
concentrations of M. tuberculosis corresponding to 10^, 10^ and 10^ cells/ml. 

The viable counts of the mycobacteria in the suspensions were confinned by plating 100 
fil aliquots of the relevant dilutions onto Middlebrook 7H-10 agar medium, incubating 
the plates at 37°C for two weeks and counting the number of colony forming units 
(CPU). 

The introduction of the Af, tuberculosis^ s suspensions was pwfyiuied hi a biosafety 
cabinet dass HI in the PHI facilities at the Tuberculosis Institute of Medical Research 
Council in Pretoria. 

In the intra-nasally infected group of mice, the bacterial suspensions prepared in sterile 
saline were introduced into the nostrils of mice anaes&etized with 5% diethylether, in 
aliquots of 60 fil per animal. The suspensions were released drop-wise into die nostrils 
using autoclaved pipette tips, while the animals were in dorsal recumbence. The 
intravenous administration of mycobacteria was performed as described in Example 1. 

Control animals received an eqxiivalent vol\ime sterile saline, i.e., 60 fA introduced intra- 
nasally or 100 fA administered intravenottsly. 

The administration of the mycolic acids conjugates was carried out for both types of the 
infection with M. tuberculosis via the intravenous route, after mice were heated for 5 min 
. in a heating box to effect vasodilation of the tail veins. The mycolic acids-mouse serum 
conjugate was admmistered intravenously by introducing S f^ or 25 fig mycolic acids in 
100 /zl, mouse serum per mo\ise. 

Control antmals received 100 fA of mouse serum introduced in the same manner. 
Balb/c mice were divided into nine groups and treated as indicated in Table 6a. 
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Table 6a. Experimental set-up for immunoregulatory experiment No f 



Group No Group No/treatment 


Number of mice 
per group 


1 1 


1. Senun 
Saline 


10 


2 


2. Serum 

M tb " intra- 
nasally 


15 


3 


3. 5 /ig MA iv 2) 
M tb intra-nasally 


15 


4 


4.25 ng MA iv 
M tb intra-nasally 


15 


5 


5. 25 tig MA iv 
Saline iv 


15 


6 


6, Serum iv 
Afi2> iv 


10 


7 


7. 5 /ig MA iv 
A/^^? iv 


10 


8 


8. 25 /ig MA iv 
Mtb iv 


10 




9. Control 
No treatment 


15 1 



M, tb - M. tuberculosis 

iv - intravenous administration 
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la, 3 Results 



All the mice in the intravenoiisly infected pre-treatment and control groups were dead by week 
36, with a very small difference in die average survival time (Table 6b). This corroborates the 
previous results (Example 1) where an increase in time of survival was seen in the mycolic 
acids-pre-treated group, but all the mice eventually died. 

In contrast, 8 out of 9 mice (which corresponds to a 89% survival) of the intra-nasally infected 
mice pre-treated with mycolic acids-serum conjugate survived for more than 36 weeks, compared 
to the control mice where only 4 mice survived, which constituted 44% survival CTable 6b). 
After 36 weeks, tiie intra-nasally infected, mycolic adds pre-treated mice appeared to have the 
tuberculosis infection xmder control, while the control animals that were not pre-treated with 
mycolic aads were either dead, or side at the end of week 36. 

A single mouse in the mycolic acids pre-treatment group died, but the cause of death could not 
be established, because it was eaten by other mice in the cage. The remaining mice in the 
mycolic acids pre-treated group aj^^eared healthy at week 36. The subsequent culturing of the 
spleens and lungs of the surviving gnimatg confirmed the presence of Af. tuberculosis infection 
in boHi organs in all the mice, including those of the mycolic acids pre-treated group. 



Table 6b: The survival oi Balb/c mice pre-treated with 25 fi^ mycolic adds: intra-nasai 
versus intravenous route of infection -with Af. tuberculosis. 
Observation carried out ovw a period of 36 weeks. 





Intravenous infection 
with 4 X lO'* cfti 


Intra-nasal infection 
wth 1 X 10^ cfu 


Type of treatment 


MA -pre- 
treated mice 


Control mice 


MA -pre- 
treated mice 


Control 
mice 


Average survival time 
(in weeks) 


25.56 


24.48 


35.64 


31.3 


Number of mice surviving 


0/7 
0% 


0/7 
0% 


8/9 
88% 


4/9 
. 44% 



. MA - mycolic acids 
cfu - colony forming units 
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la. 4 Discussion: 

The normal route of infection with M. tuberculosis is by inhalation into the lungs. While mycolic 
acids induced the protective IL-12 and IFN-r cytokines mainly in the lungs, it was predicted that 
the protection provided by mycolic acids as prophylactant against tuberculosis would be much 
more pronounced when M. tuberculosis infection was given by the intra-nasal, radier than the 
intravenous route. This was confirmed (Example la), showing that mycolic acids administration 
could sufficiently stimulate the immune system of the experimental animals to enable them to 
bring the infection with M. tuberculosis under control, although it was unable to prevent the 
infection from establishing itself in the lungs and spleen. 
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EXAMPLE 2: Protection against tuberculosis-induced arthritis in 
rats 

2. MATERIALS 
2.1 Culture 

Mycobacterium tuberculosis H37Rv ATCC 27294 - a virulent 
strain, originally isolated from an infected human lung, was used in 
the experiments. 

The culnire was purchased in lyophilized fonn from the American 
Type Culture Collection (ATCC), Maryland, USA. 

M. tuberculosis H37Ra ATCC 27294 - an avirulent strain, was 
purchased in lyophilized form from Difco (Cat No: 3114-33-8). 

2.1.2 Media 

2.1.2.1 Growth media 

The following media were used for the cultivation of M. 
tuberculosis: 

Lowenstein-Jensen (LJ) medium (slants) and 
Middlebrook 7HI0 agar (plates). 

A detailed composition of the ingredients necessary for the 
preparation of these media as well as the conditions recommended 
for theu: sterilization, are given in the Laboratory Manual of 
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Tuberculosis Methods, Tuberculosis Research Institute of the SA 
Medical Research Council (1980, Chapter 6, pp 83-105; Second 
Edition, revised by E E Nel. H H Kleeberg and E M S Gatner). 

The media were prepared by the National Tuberculosis Institute of 
the Medical Research Council of South Africa, in Pretoria. 

2.1.2-2 Media used for washing and diluting of Mycobacteria 

The harvested bacteria were washed in sterile 0,9% m/v NaCl 
(Saarchem, Chemically Pure, RSA). 

Medium used for the preparation of serial dilutions preceding the 
determination of viable counts of M. tuberculosis was prepared by 
dissolving- Tween 80 (Merck, Chemically Pure) in 0.9% m/v NaCI 
(Saarchem. Chemically Pure) to a cbncentration of 0,01% v/v and 
distributing it in 9,0 ml aliquots into test-mbes. The autoclaved 
media were stored at 4°C. 

2.1.3 Reagents 

2.1.3.1 For the preparation of the reagents used for the 
extraction, derivatization and High-Performance Liquid 
Chromatography (HPLC) analysis of mycolic acids, 
HPLC Grade methanol (BDH) and double-distilled 
deionized water were used. 

Reagent A:25% potassium hydroxide (Saarchem, Analytical Grade) 
dissolved m methanol-water (1:1), i.e.. 62,5 g potassium hydroxide 
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was dissolved in 125 ml water and 125 mi methanol (BDH, HPLC 
Grade) was added. 

Reagent B: Concentrated hydrochloric acid (Saarchem, Analytical 
Grade) diluted 1 : 1 with water. 

Reagent C:2% potassium bicarbonate (BDH, Analytical Grade) 
dissolved in methanol-water (1:1), 10 g potassium bicarbonate was 
dissolved in 250 ml water and 250 ml methanol was added. 

Reagent D:para-bromophenacylbromide dissolved in acetonitrile 
and crown ether (Pierce Chemical Co, Cat. No 48891) was 
dispensed m 500 ^1 quantities into small amber-coloured screw cap 
vials with Teflon-coated septa. The caps were tightened and the 
vials were wrapped with Parafihn. Reagent D was stored at 4°C. 

Reagent E:Reagent E was prepared by mixing reagent B 1:1 with 
methanol. 

HPLC Standard: High Molecular Weight Internal Standard (C-100) © 
from Ribi ImmunoChem Research Company. Cat No ' 
R-50. The standard, 1 mg, was dissolved in 20 ml 
chloroform (BDH, HPLC Grade) at4°C and aliquots 
of 100 fil were dispensed mto 4 ml amber WISP 
vials, dried, capped with Teflon-coated septa and 
stored at 4*'C. 

Chloroform (Saarchem, Analytical Grade, RSA) 
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Methylene chloride (BDH, UK, HPLC-Grade) 

Reagents A, B, C and E were prepared fresh prior to experiments, 
talcing all the necessary safety precautions. 

2.1.3.2 The following reagents were used for the preliminary 
purification of crude bacterial extracts ("ftmnel extraction") 
and for the countercurrent purification of the extracted 
mycolic acids: 

Chloroform (Saarchem, Chemically Pure) 
Methanol (Saarchem, Chemically Pure) 
Acetone (Saarchem, Chemically Pure) 
Sodium chloride (Saarchem, Analytical Grade) 

Double-distilled deionized water was used for the 
preparation of the required reagent concentrations, i.e.: 

39% v/v methanol 
42% v/v chloroform 
0,2 M NaCI 

2.1.3.3 Reagents used for the induction of adjuvant arthritis: 

Heat-killed and freeze-dried cells of M. tuberculosis H37Ra 
(Difco, Cat No 3114-33-8), 100 mg, suspended in 10 mi of 
Freund's Incomplete Adjuvant (HA, Difco Cat No 0639) 
were used for the induction of adjuvant arthritis in Lewis 
rats. 
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2.1.3.4 Reagents used for the prevention of adjuvant arthritis: 

Freshly saponified mycolic acids (MA) originating from M. 
tuberculosis H37Rv were suspended in FIA (10 mg/ml 
FIA) and diluted with FIA to required concentrations, i.e. : 

0,1 mg MA/100 ^1, 0.3 mg MA/lOO fil and 1,0 mg 
MA/lOQfLl. 

2.1.3.5 Reagents used in monitoring the production of anti- 
mycolic acids antibodies: 

Glycerol (Merck, Analj^cal Grade) was used for diluting 
sera of the experimental animals. 

ELISA reagents: 

Basic buffer - PBS buffer: 8,0 g NaCl, 0,2 g KCl, 0,2 g KH,PO^ 
and 1,05 g Na2HP04 per 1/ distilled water, adjusted to pH 7,4. 

Diluting buffer: 0,5% (m/v) casein in PBS buffer adjusted to pH 
7,4 was used for diluting of the experimental animals' sera 
(mixed with glycerol 1:1) and for the preparation of suitable 
dilutions of immunoreagents. 

Blocking buffer: 0,5 % (m/v) casein in PBS buffer adjusted to pH 
7,4 was used for blocking of ELISA plates. 

Washing buffer: 0,5 % (m/v) casein in PBS buffer adjusted to pH 
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7,4 was used for washing of ELISA plates. 

Coating antigen: unsaponified mycolic acids originating from M. 
tuberculosis H37Rv, at a final concentration of 0,067 iigliil. To 
prepare the coating antigen, 1 mg mycolic acids was dissolved in 
100 \i\ chloroform and the solution infroduced into 15,0 ml PBS 
buffer adjusted to pH 7,4. The solution was autoclaved at 12 TC 
for one hour. 

Conjugates: Goat anti-rat antibody conjugated to peroxidase (H 
+ L chains). Cappel (Cat No 55770). Rabbit anti-human gamma 
chain specific peroxidase conjugate (Sigma; A 8419). 

Substrate: 0-Phenylenediamine (Sigma; Cat No P-1526) and 
hydrogen peroxide (BDH). 

Substrate buffer: 0.1 M citrate buffer (0,1 M citric acids and 0.1 
M Tri sodium citrate), adjusted to pH 4,5. 

2.1.4 Experimental animals 

Six weeks old, female Lewis rats were purchased from Shaw's farm. 
Blackthorn, Bicester. Oxon, England. This strain of rats is susceptible 
to the induction of arthritis. 

The animals were maintamed at the Animal Facilities of the Medical 
Research Council in Pretoria. 
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Feed and water 

Mice cubes, manufactured by Epol, South Africa and tap, autoclaved 
water were provided ad libitum. 

Sanitation: 

Bronocide - manufactured by Essential Medicines (Pty) Ltd, was used 
for sanitation purposes. 

2.1.5 Plasticware 

The following plasticware was used: 

Disposable Petri's dishes (Promex, RSA) 
EUSA plates (Sterilin, UK) 

Sterile, disposable 50 ml centrifuge tubes (Coming, USA) 

Disposable tips (EUcay, Denmark) 

96-well round bottom microplates (Nunc, Denmark) 

2.2 METHODS 

The following methods were used in the experimental work: 
2.2.1 Cultivation of the bacterial strains 



The mycobacteria for the production of mycolic acids, i.e., M. 
tuberculosis H37Rv, were cultivated at 37°C using Lowenstein- Jensen 
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(LJ) medium slants and Middlebrook 7H-10 agar medium plates. 

The sterility of all the media was confirmed, before they were used in 
the experiments by incubating them at ITC for 24 h. 

For routine extraction of mycolic acids, approximately 4-weeIc old 
culmres of M. tuberculosis grown on LJ slants or 2-week: old cultures 
of M. tuberculosis grown on Middlebrook 7H-10 agar medium plates 
were used. 

2.2.2 Viable and total bacterial counts 

For the viable count determination, serial dilutions of the harvested 
bacteria were suspended in the diluent medium (prepared as specified 
under 2.1.2.2) to a density corresponding to a McFarland standard 4 
(approximately OD of 1,0; xising a Beckman DU 65 spectrophotometer, 
at 486 nm). Tenfold serial dilutions were prepared using 9 mi aliquots 
of the diluent medium. From the last three dilutions corresponding to 
10-^, 10"* and 10'^ of the original suspension, aliquots of 0, 1 ml (100 ^1) 
were withdrawn and spread over the surface of Middlebrook 7H-10 
plates. The plates were mcubated at 37°C and the developed colonies 
counted after two to three weeks for M. tuberculosis and after one week 
for the plates seeded with M. vaccae. 

The direct total count was perfomed using a Neubauer counting 
chamber and the autoclaved cultures of M. tuberculosis and M. vaccae, 
originally adjusted to a density corresponding to a McFarland standard 
4 and suitably diluted with the diluent medium. 
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Statistical analysis of the bacterial counts included the mean values of 
bacterial counts and standard deviations. 

2.2.3 Preparation of mycolic acids from bacterial samples 

The preparation of bacterial samples comprised three steps: 

harvesting of the Mycobacterial cells; 

saponification and 

extraction of mycolic acids. 

Glassware used for the harvesting, extraction, derivatization and HPLC 
analyses of mycolic acids was washed in 2% (v/v) Contrad (Merck), 
rinsed in water, followed by rinsing in chloroform, water, technical 
Grade methanol, water and finally rinsed in double distilled deionized 
water. The washed glassware was dried in a warm air oven. 

Harvesting was done by scraping the bacterial growth from the surface ^ 
of media slants or agar mediimi plates (using sterile plastic loops) and 
by suspending them in Reagent A. Initial bacterial suspensions were 
prepared in Reagent A, by vortexing the harvested cells with sterile 
glass beads. Homogenous bacterial suspensions were prepared using 
sterile tissue homogenizers. Prior to saponification, the density of the 
bacterial suspensions was adjusted to a density corresponding to a 
McFarland standard 4. This density of bacteria corresponds to 
approximately 10-12 x 10* colony forming units/ml. 
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The saponification, extraction and derivatization of mycolic acids were 
carried out as described by Butler, Jost and Kilbum (1991), with minor 
modifications and are described under the relevant headings. 

Saponification of the Mycobacteria in Reagent A was carried out in an 
autoclave at 12rC, for 30 min. 

2.2.4 Extraction of mycolic acids 

The saponified samples were allowed to cool after autoclaving. Into 2 
mi samples containing crude extract, 1,5 ml Reagent B was introduced. 
After vortexing, the pH of each sample was checked and if necessary, 
adjusted to pH 1 with Reagent B. 

Subsequently, 2,0 ml chloroform was added to each sample and 
vortexed for 30 seconds. The layers were allowed to separate. The 
bottom layers were removed with Pasteur pipettes, transferred to amber 
WISP vials and evaporated to dryness at 85°C in a heat block- 
evaporator under a stream of nitrogen. To neutralize traces of acid 
carried over, 100 /xl of reagent C was added to each sample and the 
fluid evaporated to dryness at Z5°C in the heat block-evaporator under 
a stream of nitrogen. 

2.2.5 Storage of the crude extracted mycolic adds 

The material obtained from the large-scale extraction of mycolic acids 
originating homM. tuberculosis H37Rv, the crude bacterial extracts, was 
stored under acetone, at A°C in 4 ml amber WISP vials. To prevent 
evaporation/drying and the exposure to light, the caps of the WISP vials 
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were covered with Parafilm. 

2.2.6 Determination of mycolic acids contents in crude 

extracts 

Extracted mycolic acids were derivatized as foliows: 

To a cooled sample of crude extract (approximately 10 |ig in 2,0 ml 
Reagent A), an aliquot of 1,0 ml chloroform was introduced, followed 
by the addition of 100 ^il of Reagent D (derivatization reagent). The 
capped samples were vortexed for 30 seconds and heated for 20 minutes 
at SS^C in a heat block-evaporator. Subsequently, the samples were 
cooled and 1,0 ml of Reagent E added. The samples were vortexed for 
30 seconds and the layers allowed to separate. The bottom layers were 
removed with Pasteur pipettes and transferred to WlSP-vials.' The vials 
were placed in the heat block-evaporator and their contents evaporated 
to dryness at SS'C using a stream of nitrogen. 

The residues were resuspended in 0,212 g (which corresponds to 160 pi) 
methylene chloride, capped and vortexed. Each reconstituted sample was 
mtroduced into a WISP vial containing 5 pg of the HPLC internal 
standard (prepared as described under 2.1.3.1), filtered through a 0,22 
Iim- Millex GV4 filter with a polyethylene housing into another amber- 
coloured WISP-vial. The recapped vials were stored at 4°C until ready 
for HPLC analysis. 

2.2.7 HPLC analysis and quantification of mycolic acids 



Repeatability and accuracy of the pipette used for the distribution 
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HPLC standard was determined. The precision was established to be +/- 
1% and it was confirmed prior to each aliquoting of the internal 
standard. 

For the HPLC analysis 10 ^il from each sample (maintained on ice 
during handling), was analyzed. Control samples, i.e., 10 of filtered 
methylene chloride, were run prior to each set of samples analyzed. If 
a large number of samples was analyzed, in order to validate die 
reliability of the HPLC apparams, control samples were run after every 
three or four test samples. 

The reverse-phase HPLC analyses were carried out using a Waters 600 
E System. Controller High Performance Liquid Chromatography 
apparatus consisting of: 

Microsep M741 Data Module; 

Waters 712 WISP Autosampler; 

Detector (Waters 486 Tunable Absorbance Detector); 

Column: Nova-Pak CI 8 4 ^m 3,9 x 150 mm and an end connector set 
for steel cartridge columns. 

RKC Rex-C 4 Column Temperature regulator. 

Running conditions were: 

Mobile phase: 
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Solvent A: HPLC Grade methanol 
Solvent B: HPLC Grade methylene chloride 
Flow Rate: 2,5 ml/min 
Column temperature: 30°C 

® 

The detector was set at 260 nm. 

Prior to use, the solvents were sparged with Instrument Grade heliiun. 
High Purity Nitrogen was used to control hydraulics of the WISP vials 
autosampler. 

The HPLC gradient initially comprised 98% (v/v) methanol (Solvent A) 

and 2% (v/v) methylene chloride (Solvent B). The gradient was 

increased linearly to 80% A and 20% B at one minute; 35% A and 65% 

B at ten minutes, held for 30 seconds and then decreased over 10 

seconds back to 98% A and 2% B. This ratio was maintained for 4 © 

minutes to allow for stabilization of the system prior to injection of the 

next sample. 

Mathematical quantification of mycolic acids was carried out by 
comparing the combined peak areas of the tested samples to the peak 
area of the introduced quantity of the High Molecular Weight Internal . 
HPLC Standard. 
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2.2.8 Preliminary purification of crude mycobacterial extracts 

In order to shorten the time required for the countercurrent purification 
of the crude mycobacterial extracts, an additional preliminary extraction 
step was introduced. This step had a dual purpose: 

i) to remove unnecessary cellular components from the crude extract 
prior to the countercurrent purification and 

ii) to reduce soap fraction in the crude bacterial extracts. 

A portion of the crude extracted material (approximately 3 to 4 g) was 
suspended in a minimum volume of the lower phase solvent (usually 100 
ml), transferred into a separation funnel and mixed with an equal volume 
of the upper phase solvent The phases were allowed to separate and the 
upper phase was removed and stored at 4"'C. Into the remaining lower 
phase an equal volume of the upper phase solvent was again 
introduced and the process of the phase separation was repeated. 

The second upper phase was removed and stored at 4''C and the second 
lower phase was dried in a Buchi Rotoevaporator RE 120, at 75°C and 
its mass recorded. 

2.2.9 Countercurrent purification of mycolic acids originating 

from M. tuberculosis 



Countercurrent apparatus 

A countercurrent apparatus produced by H O POST, Instrument 
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Company Inc., Middle Village, New York was used during the 
investigations. The "trains" in this model consisted of 2 X 250 inter- 
connected tubes. 

Solvent system used in the countercurrent apparatus 

The solvent system used for the countercurrent separation consisted of: 

42% v/v chloroform (Saarchem, Chemically Pure Reagent) ^ 

39% v/v methanol (Saarchem, Chemically Pure) 

19% v/v 0,2 M NaCl (Saarchem, Chemically Pure). 

Double distilled deionized water was used for the preparation of the 
solvent system. 

The components were mixed, equilibrated and the upper and lower 
phases were collected using a separation funnel. 

© 

The composition of the upper phase was established to be: 

15% v/v chloroform, 52% v/v methanol and 33% v/v 0,2 M NaCi. 

The composition of the lower phase was established to be: 

68% v/v chloroform, 27% v/v methanol and 5% v/v 0,2 M NaCl. 

The countercurrent purification process was carried out under the 
following conditions: 
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A countercurrent distribution train comprising 55 tubes, numbered 0-54, 
was used in the experiments. The upper phase solvent, a volume of 600 
ml, was introduced into a buffer reservoir. A sample of 125 mg of 
mycclic acids after the preliminary purification was dissolved in 50 ml 
of the lower phase solvent, divided into five aiiquots and introduced into 
first five tubes, numbered 0-4. Subsequently, 10 ml of the upper phase 
solvent was introduced into each of the first five countercurrent tubes. 
Into the remaining 50 tubes aiiquots of 10 mi of the lower phase were 
introduced. Upper phase, in volumes of 10 mi per cycle, was 
automatically dispensed into tube number 0, repeatedly over 55 cycles 
resulting in approximately 5 hour operation. Thus, fifty five 
countercurrent cycles were performed, with each cycle consisting of 10 
mixing pendula and 3 minutes phase separation time. 

Initial load of crude extract after the funnel extraction: 125 mg 



Number of cycles: 55 
Equilibration time: 3 min 



2.2.11 Removal of malachite green from the countercurrent- 
purified mycolic acids 

To remove traces of malachite green derived from bacterial growth 
media (when M. tuberculosis was grown on LJ slants), the 
.countercuixent-purified material was selectively precipitated in the 
following manner. Countercurrent-purified mycolic acids (92 mg) were 
placed in a WISP vial into which 1,0 ml chloroform was introduced. 
The dissolved mycolic acids were transferred into a pre-weighed round- 
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bottom flask. The vial was rinsed twice with 1,0 ml chloroform and the 
two aiiquots of chloroform were added to that already present in the 
round-bottom flask. Subsequently, acetone was introduced drop-wise in 
500 \xl aiiquots. In total, 26 ml of acetone was introduced and the white 
flakes of the precipitated-out mycolic acids were washed twice with 20 
ml acetone. The acetone supernatant, with the dissolved malachite green 
was removed and the mycolic acids dried by evaporation. 

The procedure was carried out at room temperature. 

2.2.12 Determination of mycolic acids after countercurrent 
purijScation 

In order to increase the accuracy of the HPLC determuiation of mycolic 
acids, the High Molecular Weight Internal Standard (C-100) was 
mtroduced into the countercurrent-purified mycolic acids before the 
saponification. 

A sample of 0,5 mg of the countercurrent-purified mycolic acids was 
introduced into a WISP vial containing 5 ng of the High Molecular 
Weight Internal Standard (C-100). Saponificadon of mycolic acids was 
carried out with 2 ml of Reagent A at room temperature. The WISP vial 
was vortexed for 30 seconds. The extraction was carried out with 1,5 ml 
of Reagent B. After vortexing, the pH of the sample was checked and 
if necessary, adjusted to pH 1 with Reagent B. 

Subsequently, 2,0 ml chloroform was added to each sample and vortexed 
for 30 seconds. The layers were allowed to separate. The bottom layers 
were removed with Pasteur pipettes, transferred to amber WISP vials and 
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evaporated to dryness at 85°C in a heat block-evaporator under a stream 
of nitrogen. To neutralize traces of acid carried over, 100 ^1 of reagent 
C was added to each sample and the fluid evaporated to dryness at 85°C 
in a heat block-evaporator under a stream of nitrogen. 

2.2.13 Determination of yield of the countercurrent separation 

In order to calculate the approximate yield of purification/separation, the 
amount of the mycolic acids present in the samples obtained after the 
countercurrent separation/purification was compared to the amount of 
these compoimds present in the crude cellular extract introduced into the 
countercurrent apparatus. The calculations were based on the results 
obtained by the HPLC analysis. 

It should be stressed, that it is essential for the calculation of the yield 
of the countercurrent separation, that the mycolic acids determined by 
HPLC should be within the tested linear range of the HPLC UV detector. 

2.2.14 Methods used in monitoring levels of anti-mycolic acids 
antibodies 

Bleeding: the animals were bled from the sublingual vein 12 days after 
the induction of arthritis. The blood was collected into sterile centrifuge 
tubes and allowed to clot for 16 hours at 4°C. The collected serum was 
centrifuged at 700-750 g for 20 minutes, diluted 1:1 v/v in glycerol and 
stored at -20°C. 
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ELISA protocol: 

Coating of ELISA plates: The autoclaved coating antigen (in PBS 

buffer. pH 7.4), still hot, was introduced into ELISA weils in aliquots of 

50 iil/weil, with the solution being continuously stirred. Approximately 

3 jj.g mycolic acids per well were introduced. The coated ELISA plates 

were incubated at room temperature for 16 hours. Subsequently the 

antigen solution was removed, the ELISA plates dried and the dry plates ^ 

were stored at 4''C. 

Blocking of ELISA plates: The blocking buffer (0,5% (m/v) casein in 
PBS pH 7,4) was introduced in aliquotes of 200 jil/well. The ELISA 
plates were incubated at room temperature for 2 hours. 

Binding of animal antibodies: Rat sera (mixed with glycerol 1:1 v/v) 

were diluted further in the diluting buffer 1:10 v/v. The final dilution 

was therefore 1:20 v/v. Aliquotes of 50 |il were introduced into wells 

in duplicate. The plates were incubated at room temperature for one ^ 

hour. The sera were removed and the plates washed three times with the 

washing buffer using an Anthos Automatic Washer. 

Quantification of the bound antibodies: Peroxidase anti-rat antibody 
conjugate diluted 1:1000 was introduced in aliquotes of 50 ^1 per well 
and incubated at room temperatiire for 30 minutes. After the removal of 
the. conjugate, the ELISA plates were washed three times with the 
washing buffer. 

The substrate solution comprising 10,0 mg 0-phenylenediamine and 8,0 
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mg hydrogen peroxide in 10 ml of 0,1 M citrate buffer pH 4,5, was 
prepared immediately before use and introduced in 50 fj.1 aliquotes per 
well. The plates were placed in a dark place and the colour development 
was monitored at 15, 30 and 60 minutes intervals using a SLT 340 ATC 
photometer at a wavelength of 450 nm. 

2.2.15 Methods used in handling experimental animals in the 
adjuvant arthritis experiments 

2.2.15.1 Environmental conditions under which the experimental 
animal were maintained 

Experimental animals: . Six weeks old, female Lewis rats were 
accommodated in cages with a floor area of 864 cm- and a height of 
12,5 cm. Four rats were maintained in each cage, except for the animals 
of group 6, which were maintained three per cage. 

The animals were maintained at the Animal Facilities of the Medical 
Research Council in Pretoria. 

Environmental conditions: Temperature and humidity in the animal 
facility were set at 20°C (+/- 1°C) and 40% (+/- 10%), respectively. 
Lighting was provided by means of fluorescent mbes. A light-darkness 
cycle of alternating 12 hour periods was set up. 

Rats were fed on nutritionally controlled pellets manufactured by Epol, 
South Africa. 

Cages: Rats were housed in transparent polypropylene cages with tightly 
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fitting stainless steel lids. Wooden shavings, after autoclaving, were 
provided as nestling material. 

Sanitation: Animal rooms, rat cages and glass bottles were cleaned and 
decontaminated once a week using Bronocide. Water bottles after 
washing were autoclaved once a week- 
Identification of the experimental animals: Individual identification 
was accomplished by making ear marks. ^ 

2.2.15.2 Preparation of the reagent used for the induction of 
adjuvant arthritis 

The method used for the induction of adjuvant arthritis was based on the 
method described by Wauben, Wagenaar-Hilber and Van Eden (1994). 

In order to obtain a coarse surface, the bottom of a mortar bowl was 

ground with coarse grinding paper (100 grain). After the dust particles 

were removed, freeze-dried cells of K tuberculosis H37 Ra, 100 mg, 

were transferred into the bowl. After the introduction of 3 drops of . © 

Freund's Incomplete Adjuvant (FIA) the bacteria were mixed very well 

with FIA for 2 minutes using a pestle. Once a thick paste was obtained, 

a few additional drops of FIA were introduced into the mortar and mixed 

with continuous grinding for a ftirther half a minute. The thick paste 

was transferred into a 50 ml test tube using a glass Pasteur pipette. The 

mortar bowl was "rinsed" several times with the remaining FIA using a 

few drops at a time, until the entire volume of 10 ml was used. The 

fmal suspension of the freeze-dried cells of M. tuberculosis H37 Ra in 

FIA contained 100 mg of cells per 10 ml FIA. 



RECTIFIED SHEET (RULE 91) 
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2.2.15.3 Preparation of the reagent used for the prevention of 
adjuvant arthritis 

An accurately weighed-off sample (10 mg) of freshly saponified mycolic 
acids, originating from M. tuberculosis H37 Rv, was introduced into 1 
mJ of FIA in a glass vial and heated on a heat-block evaporator at 80°C 
until completely dissolved. After vortexing, the dissolved sample was 
removed from the heat block-evaporator and left at room temperature to 
cool down. From this stock solution the required concentrations of 
mycolic acids were prepared by introducing additional aliquotes of FIA. 

2.2.15.4 Experimental set-up 

The experimental set-up is presented in Table 7. 

A day before the start of the experiment, the rats were weighed and the 
thickness of the joints of their front and hind limbs was measured with 
a micrometer. Individual identification of rats was done by making ear 
marks. 

Heat-killed and freeze-dried cells of M. tuberculosis H37Ra, 100 mg, 
were suspended in 10 ml of FLA by emulsifying the bacterial cells in 
FIA using a mortar and pestle. (For details, see section 2.2.15.2.). The 
administration of killed cells of M tuberculosis H37Ra suspended in 
FIA, FIA alone and various doses of mycolic acids in FIA, using aliquots 
of 100 jil, was carried out in the form of intradermal injections at the 
base of the rats' tail. 
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The rats were divided into 12 groups and treated as illustrated in Table 
7. 

The rats were monitored daily for the appearance of any symptoms of 
arthritis such as swollen limbs, necrosis of the tail and nose bleeding. 
Two weeks into the experiment, the diameter of the joints in the front 
and hind limbs was measured every second day. Rats' mass was 
likewise monitored every second day. 

To determine the level of anti-mycolic acids antibodies in the sera of the 
experimental ammals, the rats were bled from the sublingual vein in the 
tongue on the 12-th day after the induction of arthritis. 
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2.2.15.5 Methods used in the radiological assessment of arthritis 



Radiographs of the cadaver limbs originacing from die control, anhritis and 
raycolic acids-created rats were made using a Siemens Poiymat 50 diagnostic ' 
X-ray machine. Fuji HRF fihn and Trimax T2 detail screens were used at a - 
source-to-image distance of 109 cm. Exposure factors were 42 kVp and ' 
4mAs to optimise soft tissue visibility and bony detail. 

Radiological examinations were carried out by Prof. R M Kirberger the 
Section of Pathology of the Veterinary Research Instimte, Onderstepoon, ^ 
Pretoria. 



2.3 RESULTS and DISCUSSION 



The results obtained concerning: 

i) the influence of the modified method of purification on yield and purity 
of mycolic acids; 

ii) the structural analysis of mycolic acids originating from M. tuberculosis 
using infra-red spectroscopy; 

and 

iii) the stability of mycolic acids 



were presented and discussed in sections 1.3.1, 1.3.2 and 1.3.3. 

2,3.1 Monitoring of the symptoms of adjuvant arthritis 

Successful induction of adjuvant arthritis (experimental details given 2.2. 15.2, 
2.2.15.3 and 2.2.15.4) was first observed four days after the administration 
of an arthritis-inducing dose of the suspension of M. tuberculosis H37Ra 



wo 98/39025 



PCT/GB98/00681 



154 

freeze-dried cells in Freund's Incomplete Adjuvant (FIA). The first symptoms 
were those of a necrosis developing at the site of the injection. Other 
symptoms were observed at about 1 1 days after the administration of the cells 
of M. tuberculosis H37Ra in FIA and included swelling of the knuckles and 
joints as well as nose bleeding (Fig. 25a, 25b and Fig. 26b). These symptoms 
peaked after approximately 16 to 21 days and subsequently subsided, except 
for the necrosis. Complete recovery was observed within the next two weeks. 

The rats which were pre-treated with 0,1 mg and 0,3 mg my colic acids 
developed less severe symptoms than those treated with FIA alone. Three rats 
pre-treated with 1 mg MA did not develop any symptoms indicative of the 
presence of the disease. The fourth rat in the same group (rat number 3 in 
Fig. 26c) did not receive the full dose of mycolic acids during pre-treatment, 
as pan of the dose leaked out after the injection. This' rat showed only 
moderate symptoms of ardiritis in the hind limbs. 

The rats which received injections of FIA only (Fig. 26a), did not show any 
symptoms. No toxic effects were observed among the control rats which were 
treated with mycolic acids suspended in FIA but without challenge with an 
arthritis-inducing dose of M. tuberculosis H37Ra in FIA. 

The results obtained in the experiment are summarized in Tables 8a and 8b 
and illustrated by photographs presented in Figures 25 to 27. 

Figure 25a and 26b show the typical swelling of the joints and knuckles in the 
front paws of the experimental rats. Figure 25a illustrates the bleeding from 
the nose caused by thrombocytopenia induced by the presence of a high 
concentration of immune complexes in the blood of the experimental animals. 
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Table 8a Results obtained in rats treated with mycoiic acids prior to the induction of adjuvant 

arthritis 



Group 


Rat 


Days 


LP 


Irf 


LB 


Irb 


S^ccrosis 


bleed 




mass 


1 


I 




2.1 


|l.6 • 


5.3 


14.3 






- 12 




FIA - 


2 


16 


3.2 


2.9 


3.6 








- 7.8 


13.4 


H37Ra 


3 




|2J 


3.8 


2.7 






+ 8.3 






4 




3 


|3.7 


3.6 


14.7 






-2.6 




2 


I 






2 


P 


-i-t-t-N • 




+26.2 




O.Img 


2 


16 


2.4 


|2.9 




(4.9 




+22.6 


24.5 


MA + 


3 




2.2 


jo.7 


1.2 


(2.7 




^- 


+24.7 




H37Ra 


4 




0.6 


1" 


2.6 


|3.S 




T- 


+24.5 




3 


I 








-r-T-hN 




+31.2 




0.3mg 


2 


16 


0.5 


|2.5 


2.9 


(3.6 


-M-N 


+ 


+22.4 


17.6 


MA + 


3 




2.1 


2.8 


3.3 


15.5 


-M-+N 




+12.2 




H37Ra 


4 






2.9 


j3.5 


-HM-rN 




+4.4 




4 


1 




|0.9 




k+N 


+ 


+40.6 




Img 


2 


16 




1 


•W-+N 


+ 


+31.4 


30.6 


MA + 


3 




1.5 


2 


4.2 


|4.3 


-H-t-N 




+4.9 




H37Ra 


4 








+N 




+45.3 




5 


I 




ll;l 






4- 


+35.2 




FIA 


2 


16 


|o.9 


jo.T 






+33.1 


29.6 




3 












+23.9 






4 




|o.9 


|o.5 




+ 


+26.1 




7 


1 




0.5 1- 


Ls 




+ 


+39.9 




Irag 


2 


21 


0.6 


|0.9 








+26.5 


36 


MA 


3 




0.8 








+37.7 






4 




|o.6 






+ 


+39.6 





Abbreviations: 



Increase in the joint diameter of: 



LP Left front paw 

RF Right front paw 

LB Left back paw 

RB - Right back paw 

Nose bleed Nose bleeding 

Mass Increase or decrease in mass 

Avg mass Average increase in mass per group 

Max sympt Day on which the most severe symptoms were observed 
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Results obtained in ra.ts treated with mycolic acids administered after the induction of 
adjuvant arthritis 



Group iRai 


Days 


LF 


RF 


LB 


RB 


Necrosis 


Nose 
bleed 


Mass 
(S) 


Avg ' 
mass 


[l 

H37Ra h 
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Abbreviations: Increase in the joint diameter of: 

L-F Left front paw RJ Right irvm paw 

LB Left back paw RB Right back paw 

Nose bleed Nose bleeding MASS Increase or- decrease in mass 

Avg mass Average increase in mass per group 

Max sympt Day on which the most severe symptoms were observed 
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Figures 25b as well as Fig 26b and 26c show a comparison between the rat 
pre-treated with Img MA in FIA and the arthritic rat. The pronounced 
swelling and inflammation of hind leg joints of the rat in which adjuvant 
arthritis was successfully induced can be clearly distinguished from those rats 
that were protected with mycolic acids pre-treatment (Fig. 25b and 26c). 

Figure 25c shows the typical deformation of the joints in the hind legs, known 
as the "swimming position". The emaciation caused by adjuvant arthritis is 
evident from Figure 27. 

The results obtained in the experiment indicate a protective influence of 
mycolic acids at a dose of 1 mg administered before priming with M. 
tuberculosis H37Ra in FIA. 
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EXAMPLE 3: Iimnunogenic properties of countercurrent-purifiedmycolic 
acids 



3.1 



MATERIALS 



3-1.1 



Culture 



Mycobacterium tuberculosis H37Rv ATCC 27294 - a virulent strain, 
originally isolated from an infected human lung. Type strain of the species. 

The culture was purchased in lyophilized form from the American Type 
Culture CoUection (ATCC), Maryland, USA. 



3.1.2.1 Growth media 

The following media were used for the cultivation of M. tuberculosis: 

Lowenstein- Jensen (LJ) mediimi (slants) and 
Middlebrook 7H-10 agar medium (plates). 

A detaHed composition of the ingredients necessary for the preparation of 
these media as well as the conditions recommended for dieir sterilizadon, are 
given in the Laboratory Manual of Tuberculosis Methods, Tuberculosis 
Research Institute of the SA Medical Research Council (1980. Chapter 6, pp 
83-105; Second Edition, revised by E E Nel, H H Kleeberg and E M S 



3.1.2 



Media 



Gamer). 
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The media were prepared by the National Tuberculosis Institute of the 
Medical Research Council of South Africa, in Pretoria. 

3.1.2.2 Media used for washing and diluting of Mycobacteria 

The harvested bacteria were washed in sterile 0,9% m/v NaCI (Saarchem, 
Chemically Pure, RSA). 

Mediimi used for the preparation of serial dilutions, preceding the 
determination of viable coimts of M. tuberculosis, was prepared by dissolving 
Tween 80 (Merck, Chemically Pure) in 0,9% m/v NaCl (Saarchem, 
Chemically Pure) to a concentration of 0,01% v/v and distributing it in 9,0 
mi aliquots into test-tubes. The autoclaved media were stored at 4°C. 

3.1.3 Reagents 

3.1.3.1 For the preparation of the reagents used for the extraction, 
derivatization and High-Performance Liquid Chromatography 
(HPLC) analysis of mycoiic acids, HPLC Grade methanol (BDH) Q 
and double-distilled deionized water were used. 

Reagent A: 25% potassium hydroxide (Saarchem, Analytical Grade) 
dissolved in methanol-water (1:1), is-, 62,5 g potassium 
hydroxide was dissolved in 125 ml water and 125 mi methanol 
(BDH, HPLC Grade) was added. 

Reagent B: Concentrated hydrochloric acid (Saarchem, Analytical Grade) 
diluted 1:1 with water. 
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Reagent C: 2% potassium bicarbonate (BDH, Analytical Grade) dissolved in 
methanol-water (1:1), 10 g potassium bicarbonate was dissolved 
in 250 ml water and 250 ml methanol was added. 

Reagent D: para-bromophenacyibromide dissolved in acetonitrile and crown 
ether (Pierce Chemical Co, Cat. No 48891) was dispensed in 500 
fil quantities into small amber-coloured screw cap vials with 
Teflon-cqated septa. The caps were tightened and the vials were 
wrapped with Parafilm. Reagent D was stored at 4-°C. 

Reagent E: Reagent E was prepared by mixing reagent B 1:1 with methanol. 

HPLC Standard: High Molecular Weight Internal Standard (C-100) from 
Ribi ImmimoChem Research Company, Cat No R-50. 
The standard, 1 mg, was dissolved in 20 ml chloroform 
(BDH, HPLC Grade) at 4°C and aliquots of 100 [il were 
dispensed into 4 ml amber WISP vials, dried, capped with 
Teflon-coated septa and stored at 4°C. 

Chloroform (Saarchem, Analytical Grade, RSA) 

Methylene chloride (BDH, UK, HPLC-Grade) 

Reagents A, B, C and E were prepared fresh prior to experiments, taking ail 
the necessary safety precautions. 

3.1.3.2 The "following reagents were used for the preliminary purification 
of crude bacterial extracts ("fimnei extraction") and for the 
countercurrent purification of the extracted mycolic acids: 
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Chlorofonn (Saarchem, Chemically Pure) 
Methanol (Saarchem, Chemically Pure) 
Acetone (Saarchem, Chemically Pure) 
Sodium chloride (Saarchem, Analytical Grade) 
Double-distilled deionized water was used for the preparation of 
the required reagent concentrations, i.e..: 

39% v/v methanol 

42% v/v chloroform 

0.2 M NaCl ^ 

3.1.3.3 Reagents used in the induction of anti-mycolic acids antibodies 

•Unsaponified mycolic acids originating from M. tuberculosis; 
Marcol 52 immunization oil manufacmred by Esso, RSA. 

3.1.3.4 Reagents used m monitoring the production of anti-mycolic acids 
andbodies. 

Glycerol (Merck, Analytical Grade) was used for diluting sera of @ 
the experimental animals. 

ELISA reagents: 

Basic buffer - PBS buffer: 8,0 g NaCl. 0,2 g KCl, 0,2 g KH,P04 and _ 
1,05 g Na2HP04 per 1/ distilled water, adjusted to pH 7,4. 



Diluting buffer: 0,5% (m/v) casein in PBS buffer adjusted to pH 7,4 
was used for diluting of the experimental animals' sera (mixed with 
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glycerol 1:1) and for the preparation of suitable dilutions of 
immunoreagents . 

Blocking buffer: 0,5% (mJv) casein in PBS buffer adjusted to pH 7,4 
was used for blocking of ELISA plates. 

Washing buffer: 0,5% (m/v) casein in PBS buffer adjusted to pH 7,4 
was used for washing of ELISA plates. 

Coating antigen: unsaponified mycolic acids originating from M. 
tuberculosis, at a final concentration of 0,067 /xg/^tl. To prepare the 
coating antigen, 1 mg mycolic acids was dissolved in ICQ /il chloroform 
and the solution introduced into 15,0 ml PBS buffer adjusted to pH 7,4. 
The solution was autoclaved at llVC for one houri 

Conjugates: Goat anti-rat antibody conjugated to peroxidase (H + L 
chains), Cappel (Cat No 55770). Rabbit anti-human gamma chain 
specific peroxidase conjugate (Sigma; A 8419). 

Substrate: 0-Pheny lenediamine (S igma; Cat No P- 1526) and hydrogen 
peroxide (BDH). 

Substrate buffer: 0,1 M citrate buffer (0,1 M citric acids and 0,1 M 
Tri sodium citrate), adjusted to pH 4,5. 

EUSA plates were manufactured by Sterilin, UK. 

3,1.3.4 Reagents used in the preparation of SDS-PAGE gels 
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Laemmli buffer: 0,5 M Tris-HCl pH 6,8, 10% v/v glycerol, 10% m/v SDS 

and 0,05% mJw bromo phenol blue 
CAPS buffer pH 9,0: 3-[Cyclohexylammo]-l propane sulphonic acid, 
(Sigma) buffer pH 9,0 

TBS buffer 

pH 7,4: 20 mM Tris and 55 mM NaCI, containing 1 % m/v fat-free 

milk powder and 0,05% v/v Tween 20 

# 

SDS-PAGE gels: Sodium dodecyl sulphate polyacrylamide slab 
electrophoresis gel: 

a 4% stacking gel and a 6% separating gel comprising 30 mM 
Tris pH 8,0, 200 mM glycine and 17 mM SDS. 

Substrate: 0,03 mM 4-ciiloron2phtol, 3% v/v hydrogen peroxide in 20 ml 
methanol, made up to 100 ml with TBS buffer pH 7,4 

Immobilon-P Transfer membranes 

® 

Coomassie blue 

3.1.4 Human sera 

Human sera used in the ELISA experiments originated from the Semm Bank 
of the Medical Research Council Tuberculosis Instimte, Pretoria. 
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3.1.5 Experimental animals 

Seventeen weeks old Spr ague-Da wley female rats were used for the induction 
of anti-mycolic acids antibodies. The animals were purchased from the 
Animal Centre at the South African Instimte for Medical Research in 
Johannesburg. 

Feed and water 

Mice cubes, manufacmred by EPOL and tap, autoclaved water were provided 
ad libitum. 

Sanitation: 

Bronocide, manufactured by Essential Medicines (Pty) Ltd, was used for 
sanitation purposes. 

3.1.6 Plasticware 

The following plasticware was used: 
Disposable Petri's dishes (Promex, RSA) 
ELISA plates (Sterilin, UK) 

Sterile, disposable 50 ml centrifuge tubes (Coming, USA) 
Disposable tips (Elkay, Denmark) 
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96-weIl round bottom microplates (Nunc, Denmark) 
3.2 METHODS 

The following methods were used in the experimental work: 

3.2.1 Cultivation of the bacterial strains 

The bacteria were cultivated at ST^C using Lowenstein-Jensen (LJ) medium 

m 

slants and Middlebrook 7H-10 agar medium plates. ^ 

The sterility of all the media was confirmed, before they were used in the 
experiments, by incubating them at 37^C for 24 h. 

For routine extraction of mycolic acids approximately 4-week old M. 
tuberculosis and 2-week old cultures of M. vaccae, grown on O slants, were 
used. When Middlebrook 7H-10 agar medium plates were used, 2-week old 
cultures of M. tuberculosis were harvested for the extraction of mycolic acids. 
For the preparation of bacterial suspensions used for the experimental 
induction of tuberculosis, approximately 2-week old cultures of M. ^ 
tuberculosis, grown on U slants were used. 

3.2.2 Viable and total bacterial counts 

For the viable count determination, serial suspensions of the harvested bacteria 
were prepared in the diluent medium (as specified under 1.1.2.2) to a density 
corresponding to a McFarland standard 4 (approximately OD of 1,0; using a 
Beckman DU 65 spectrophotometer, at 486 nm). Tenfold serial dilutions 
were prepared using 9 ml aliquots of the diluent medium. From the last three 
dilutions corresponding to lO-\ 10^ and lO'^ of the original suspension. 
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aliquots of 0,1 ml (100 were withdrawn and spread over the surface of 
Middlebrook 7H-10 plates. The plates were incubated at 37°C and the 
developed colonies counted after two to three weeks for M. tuberculosis and 
after one week for the plates seeded with M. vaccae. 

The direct total count was performed using a Neubauer counting chamber and 
the autoclaved cultures of M. tuberculosis and M. vaccae, originally adjusted 
to a density corresponding to a McFarland standard 4 and suitably diluted with 
the diluent medium. 

Statistical analysis of the bacterial counts included the mean values of bacterial 
counts and standard deviations. 

3.2.3 Preparation of mycolic adds from bacterial samples 
The preparation of bacterial samples comprised three steps: 

harvesting of the Mycobaaeria cells; 

saponification and 

extraction of mycolic acids. 

Glassware used for the harvesting, extraction, derivatization and HPLC 
analyses of mycolic acids was washed in 2% (v/v) Contrad (Merck), rinsed 
in water, followed by rinsing in chloroform, water. Technical Grade 
methanol, water and finally rinsed m double distilled deionized water. The 
washed glassware was dried in a warm air oven. 



wo 98/39025 



PCT/GB98/00681 



167 

Harvesting was done by scraping the bacterial growth from the surface of 
media slants or agar plates (using sterile plastic loops) and by suspending them 
in Reagent A. Initial bacterial suspensions were prepared in Reagent A, by 
vortexing the harvested cells with sterile glass beads. Homogenous bacterial 
suspensions were prepared using sterile tissue homogenizers. Prior to the 
saponification, the density of the bacterial suspensions was adjusted to a 
density corresponding to a McFariand standard 4. 

The saponification, extraction and derivatizacion. of mycolic acids were carried 
out as described by Butler, Jost and PCilbum (1991), with minor modifications ^ 
and are described under the relevant headings. 

Saponification of the Mycobacteria in Reagent A was carried out in an 
autoclave at lll^C, for 30 min. 

3.2.4. Extraction of mycolic acids 

The .saponified samples were allowed to cool after autoclaving. Into 2 mi 
samples containing crude extract, 1,5 ml Reagent B was introduced. After 
vonexing, the pH of each sample was checked and if necessary, adjusted to 
pH 1 with Reagent B. 

Subsequently, 2,0 ml chloroform was added to each sample and vonexed for 
30 seconds. The layers were allowed to separate. The bottom layers were 
removed with Pasteur pipettes, transferred to amber WISP vials and 
evaporated to dryness at 85°C in a heat block-evaporator under a stream of 
nitrogen- To neutralize traces of acid carried over, 100 ii\ of reagent C was 
added to each sample and the fluid evaporated to dryness at SS'C in a heat 
block-evaporator under a stream of nitrogen. 



wo 98/39025 



PCT/GB98/00681 



168 

3.2.5 Storage of the crude extracted my colic adds 

The material obtamed from the large-scale extraction of mycolic acids 
originating from M. tuberculosis and M. vaccae, i.e., the crude bacterial 
extracts, was stored under acetone, at 4°C in 4 ml amber WISP vials. To 
prevent evaporation/drying and the exposure to light, the caps of the WISP 
vials were covered with Parafilm. 

3.2.6 Determination of mycolic acids contents in crude extracts 
Extracted mycolic acids were derivatized as follows: 

To a cooled sample of crude extract (approximately 10 {xg in 2,0 ml Reagent 
A), an aliquot of 1,0 mi chloroform was introduced, followed by the addition 
of 100 jil of Reagent D (derivatization reagent). The capped samples were 
vortexed for 30 seconds and heated for 20 minutes at SS^C in a heat block- 
evaporator. Subsequently, the samples were cooled and 1,0 ml of Reagent E 
added. The samples were vortexed for 30 seconds and the layers allowed to 
separate. The bottom layers were removed with Pasteur pipettes and 
transferred to WISP-vials. The vials were placed in a heat block-evaporator 
and their contents evaporated to dryness at SS'C using a stream of nitrogen. 

The residues were resuspended in 0,212 g (which corresponds to 160 |j.1) 
methylene chloride, capped and vortexed. Each reconstitated sample was 
introduced into a WISP vial containing 5 ^ig of the HPLC internal standard 
(prepared as described under 1.1.3.1), filtered through a 0,22 pm Millex GV4 
filter wdth a polyethylene housing into another amber-coloured WISP-vial. The 
recapped vials were stored at 4°C imtil ready for HPLC analysis. 
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3.2.7 HPLC analysis and quantificarion of mycolic acids 

Repeatability and accuracy of the pipette used for the distribution of the 
HPLC standard was determined. The precision was established to be +/- 1% ■ 
and was confirmed prior to each aiiquoting of the internal standard. 

For the HPLC analysis 10 }il from each sample (maintained on ice during 
handling), was analyzed. Control samples, Le., 10 {il of filtered methylene 
chloride, were run prior to each set of samples analyzed. If a large number of © 
samples was analyzed, in order to validate the reliability of the HPLC 
apparatus, control samples were run after every three or four test samples. 

The reverse-phase HPLC analyses were carried out using a Waters 600 E 
System Controller High Performance Liquid Chromatography apparatus 
■consisting of: 

Microsep M74I Data Module; 

Waters 712 WISP Autosampler; 

Detector (Waters 486 Tunable Absorbance Detector); 

Column: Nova-Pak C18 4 jam 3,9 x 150 mm and an end connector set for steel 
cartridge columns. 

RKC Rex-C 4 Column Temperature regidator. 



Running conditions were: 
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Mobile phase: 

Solvent A: HPLC Grade methanoi 

Solvent B: HPLC Grade methylene chloride 

Flow Rate: 2,5 ml/min 

Column temperature: 30°C 

The detector was set at 260 nm. 

Prior to use, the solvents were sparged with Instrument Grade helium. High 
Purity Nitrogen was used to control hydraulics of the WISP vials autosampler. 

The HPLC gradient initially comprised 98% (v/v) methanol (Solvent A) and. 
2% (v/v) methylene chloride (Solvent B). The gradient was increased linearly 
to 80% A and 20% B at one minute; 35% A and 65% B at ten minutes, held 
for 30 seconc^ and then decreased over 10 seconds back to 98% A and 2% B. 
This ratio was maintained for 4 minutes to allow for stabilization of the system 
prior to injection of the next sample. 

Mathematical quantification of mycolic acids was carried out by comparing the 
combined peak areas of the tested samples to the peak area of the introduced 
quantity of the High Molecular Weight Internal HPLC Standard. 
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3.2.8 Preliminary purification of cnide mycobacterial extracts 

In order to shorten the time required for the countercurrent purification of the " 
crude mycobacierial extracts, an additional preliminary extraction step was 
introduced. This step had a dual purpose: 

i) to remove unnecessary cellular components from the crude extract prior 
to the countercurrent purification and 

ii) to reduce soap fraction in the crude bacterial extracts. i 

A portion of the crude extracted material (approximately 3-4 g) was 
suspended in a minimum volume of the lower phase solvent (usually 100 ml), 
transferred into a separation ftmnel and mixed with an equal volume of the 
upper phase solvent. The phases were allowed to separate and the upper phase 
was removed and stored at 4°C. Into the remaining lower phase an equal 
volume of the upper phase solvent was again introduced and the process of 
the phase separation was repeated. 

The second upper phase was removed and stored at 4''C and the second ^^^e^ 
phase was dried in a Buchi Rotoevaporator RE 120, at 75°C and its mass 
recorded. 

3.2.9 Countercurrent purification of mycolic acids originating from 
M. tuberculosis and M. vaccae 

Countercurrent apparatus 

A countercurrent apparatus produced by H O POST, Instrument Company Inc., 
Middle Village, New York was used during the investigations. The "trains" 
in this model consisted of 2 X 250 inter-connected tubes. 
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Solvent system used in the countercunrent apparatus 

The solvent system used for the countercurren: separation consisted of: 

42% v/v chloroform (Saarchem, Chemically Pxxre Reagent) 

39% v/v methanol (Saarchem, Chemically Pure) 

19% v/v 0,2 M NaCl (Saarchem, Chemically Pure). 

Double-distilled deionized water was used for the preparation of the solvent 
system. 

The components were mifed, equilibrated and the upper and lower phases were 
collected using a separation funnel. 

The composition of the iqjper phase was established to be: 

15% v/v chloroform, 52% v/v medianol and 33% v/v 0,2 M NaCl. 

The composition of the lower phase was established to be: 

68% v/v chloroform, 27% v/v methanol and 5% v/v 0,2 M NaCl. 

The countercunrent purification process was carried out under the following 
conditions: 

A countercurrent distribution train comprising 55 tubes, numbered 0-54, was 
used in the experiments. The upper phase solvent, a volume of 600 ml, was 
introduced into a buffer reservoir. A sample of 125 mg of mycolic acids after 
the preliminary purification was dissolved in 50 ml of the lower phase solvent, 
divided into five aliquots and introduced into furst five tubes, numbered 0-4. 
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Subsequently, 10 ml of tlie upper phase solvent was introduced into each of the 
first five countercurrent tubes. Into the remaining 50 tubes aliquots of 10 ml 
of the lower phase were introduced. Upper phase, in volumes of 10 ml per 
•cycle, was automatically dispensed into tube number 0, repeatedly over 55 
cycles resulting in approximately 5 hour operation. Thus, fifty five 
countercurrent cycles were performed, with each cycle consisting of 10 mixing 
pendula and 3 minutes phase separation time. 

Initial load of crude extract after the funnel extraction: 125 mg 
Number of cycles: 55 
Equilibration time: 3 min 



3.2.11 Removal of malachite green from the countercurrent- 
purified mycolic acids 

To remove traces of malachite green derived from bacterial growth media 
(when M tuberculosis was grown on LJ slants), the countercurrent-purified @ 
material was selectively precipitated in the following manner. Countercurrent- 
purified mycolic acids (92 mg) were placed in a WISP vial into which 1,0 ml 
chloroform was introduced. The dissolved mycolic acids were transferred into 
a pre-weighed round-bottom flask. The vial was rinsed twice with 1,0 ml 
chloroform and the two aliquots of chloroform were added to that already _ 
present in the round-bottom flask. Subsequently, acetone was introduced drop- 
wise in 500 \i\ aliquots. In total, 26 ml of acetone was introduced and the . 
white flakes of the precipitated-out mycolic acids were washed twice with 20 
ml acetone. The acetone supernatant, with the dissolved malachite green, was 
removed and the mycolic acids dried by evaporation. 

RECTIFIED SHEET(RULE 91) 
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The procedure was carried out at room temperature. 

3.2.12 Detennination of mycolic acids after countercurrent purification 

In order to increase the accuracy of the HPLC determination of mycolic acids, 
the High Molecular Weight Internal Standard (C-IOO) was introduced into the 
countercurrent-purified mycolic acids before the saponification. 

A sample of 0,5 mg of the countercurrent-purified mycolic acids was 
introduced into a WISP vial containing 5 [xg of the BKgh Molecular Weight 
Internal Standard (C-100). Saponification of mycolic acids was carried out 
with 2 ml of Reagent A at room temperature. The WISP vial was voaexed for 
30 seconds. The extraction was carried out with 1,5 ml of Reagent B. After 
voitexing, the pH of the sample was checked and if necessary, adjusted to 
pH 1 with Reagent B. 

Subsequently, 2,0 ml chloroform was added to each sample and vortexed for 
30 seconds. The layers were allowed to separate. The bottom layers were 
removed with Pasteur pipettes, transferred to amber WISP vials and 
evaporated to dryness at 85°C in a heat block-evaporator under a stream of 
nitrogen. To neutralize traces of acid carried over, 100 fil of reagent C was 
added to each sample and the fluid evaporated to dryness at 85°C in the heat 
block-evaporator imder a stream of nitrogen. 

Therefore, ' the main difference between the determination of mycolic acids 
after countercurrent purification and in the crude extract was the time of 
introduction of the Internal Standard. 
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3.2.13 Determination of yield of the countercurrent separation 

In order to calculate the approximate yield of purification/separation, the 
amount of the mycolic acids present in the samples obtained after the 
countercurrent separation/purification was compared to the amount of these 
compounds present in the crude cellular extract introduced into the 
countercurrent apparams. The calculations were based on the results obtained 
by the HPLC analysis. 

It should be stressed, that it is essential for the calculation of the yield of the 
countercurrent separation, that the mycolic acids determined by HPLC should 
be widiin the tested linear range of the HPLC UV detector. 

3.2.14 Infra-red spectroscopy 

Samples of mycolic acids to be analyzed by infra-red spectroscopy were 
prepared in the following manner. Countercurrent-purified mycolic acids, 1 
mg, were dissolved in 1 ml chloroform, introduced into 200 mg KBr and 
thoroughly mixed. After the evaporation of chloroform, a pellet of mycolic 
acids in KBr was prepared by using a Shimadzu tablet die and applying a 
force of approximately 100 kilonewtons on the sample for 10 minutes. A 
control pellet was prepared using only chloroform, without mycolic acids 
added to the preparation. The control pellet was used to determine the 
background infra-red spectrum. The spectra were analyzed on a Perkin Ehner 
1600 series FT-IR system and plotted on a Roland Digital Group X-Y Plotter 
DXY-1200. 
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3.2.15 Determination of the stability of the countercurrent-purified 
mycolic acids 

A pooled sample of the countercurrenc-purified mycolic acids was prepared 
by introducing five batches of countercurrent-purified mycolic acids into a 
container, dissolving them in chloroform and mixing the contents very well. 
The chloroform was evaporated using a Buchi Rotoevaporator RE 120, at 
75°C and the sample dried under a stream of niaogen. The pooled sample 
was divided into two parts which constimted two stock samples. The first 
stock sample was re-saponified and the second was left as a non-saponified 
stock sample. From both stock samples individual aliquots were withdrawn 
and placed at -20**C, 4°C and 2-5°C. Three samples were prepared per each 
time point and HPLC analyses were carried out after 6 weeks, 3. 6, 9 and 12 
months of storage. 

3.2.16 Methods used in the experimental production of anti-mycolic 
adds antibodies 

Experimental animals: Sprague-Dawley female rats, 17 weeks old were 
used. Three animals were used per each antigen dose. 

The animals were maintained at the Animal Facnities of the Medical Research 
Council in Pretoria. 

Enyironmental conditions: Temperamre and humidity in the animal facility 
were set at 20°C (+/- "1°C) and 40% (+/- 10%), respectively. Lighting was 
provided by means of fluorescent mbes. A light-darkness cycle of alternating 
12 hour periods was set up. 
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Cages: Rats were housed in transparent polypropylene cages with tight fitting 
stainless steel lids. Wooden shavings, after autoclaving, were provided as 
nestling material. 

Sanitation: Animal rooms, rat cages and glass bottles were cleaned and 
decontaminated once a week using Bronocide. Water bottles after washing 
were autoclaved once a week. 



Identification of the experimental animals: Individual identification was 
accomplished by making ear marks. 

Antigen: Unsaponified mycolic acids originating firom M. tuberculosis, 
suspended in Marcol 52 oU. 

Dose: Three doses of the antigen were used: 1,0, 0,1 and 0,01 mg mycolic 
acids in 100 pd of Marcol 52 oil per rat per immunization procedure. A 
control group received 100 fil Marcol 52 oil, only. 

Route of antigen introduction: The antigen was injected subcutaneousiy at 
the underneath site of the rat's tail base. ^ 

Frequency of unmunization: the animals were immunized at 14 days 
intervals. 

Bleeding: the animals were bled from the tongue vein at 14 days intervals. 
The blood was collected into sterile centriftige mbes and allowed to clot for 
16 hours at 4°C. The collected serum was centrifuged at 700-750 g for 20 
minutes, diluted 1:1 v/v in glycerol and stored at -20^C. 
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3.2.17 Methods used in monitoring levels of anti-mycolic adds 
antibodies 

ELISA protocol: 

Coating of ELISA plates: The autociaved coating antigen (in PBS buffer. pH 
7.4), still hot, was introduced into ELLS A wells in aliquots of 50 ^il/well, with 

the solution being continuously stirred. Approximately 3 /xg mycolic acids per 
well were introduced. The coated EUSA plates were incubated at room 
temperature for 16 hours. Subsequently, the antigen solution was removed, 
the EUSA plates dried and the dry plates were stored at 4°C. 

Blocking of ELISA plates: The blocking buffer (0,5% (m/v) casein in PBS 
pH 7,4) was introduced m aliquotes of 200 ptl/weil. The ELISA plates were 
incubated at room temperature for 2 hours. 

Binding of animal and human antibodies: Rat or human sera (mixed with 
glycerol 1:1 v/v) were dUuted further in the diluting buffer 1:10 v/v. The final 
dilution was therefore 1:20 v/v. Aliquotes of 50 ^1 were introduced into weUs 
in duplicate. The plates were incubated at room temperature for one hour. 
The sera were removed and the plates washed three tunes with the washing 
buffer using an Anthos Automatic Washer. 

Quantification of the bound antibodies: Peroxidase anti-rat antibody 
conjugate (or peroxidase anti-human conjugate) diluted 1: 1000 was introduced 
in aliquotes of 50 /xl per well and mcubated at room temperamre for 30 
minutes. " After the removal of the conjugate, die EUSA plates were washed 
three times with the washing buffer. 
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The substrate solution comprising 10,0 mg 0-piienyIenediaraine and 8,0 mg 
hydrogen peroxide in 10 ml of 0,1 M citrate buffer pH 4,5, was prepared 
immediately before use and introduced in 50 fxl aliquotes per well. The plates 
were placed in a dark place and the colour development was monitored at 15, 
30 and 60 minutes intervals using a SLT 340 ATC photometer at a wavelength 
of 450 nm. 

3.2.18 Methods used in evaiuating specificity of human anti-mycolic 
acids antibodies 

For the determination of the specificity of antibodies recognising mycolic 
acids," the inhibidon ELLS A was used. Coating of the ELISA plates with 
mycolic acids and blocking of the plates were carried out as described under 
3.2.17. 

Competition step: Htmaan patient's (patient No 38) serum, 75 {il, was mixed 
with an equal volume of mycolic acids/mouse serum conjugate (prepared as 
described in section 1.2.16-4). Himaan control serum was likewise mixed 
with 75 fil of the conjugate. Two additional controls were prepared by mixing 
75 ^1 of control mouse serum with 75 fil of the human patient's and control 
human sera. The samples were incubated for 1 hour at room temperature. 

Subsequently, 625 /xl of diluting buffer (section 3.1.3.4) was introduced into 
the each mixmre, resulting in a final volume 775 ^1 (final dilution of the 
human sera was therefore 1:10). The diluted samples were mixed and 50 [xl 
aliquots were loaded m triplicate onto ELISA plates, coated widi mycolic 
acids. The plates were incubated on an ELISA shaker for 1 hour at room 
temperature. After washing (three times with the washing buffer using an 
Anthos Automatic Washer) the wells were aspirated and the anti-human 
gamma-chain specific peroxidase conjugate diluted 1: 1000 was introduced into 
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each well. The plates were incubated for 30 miautes at room temperature anc 
again washed three times. The preparation of the substrate and quantification 
of the bound antibodies was carried out in the same manner as described 
under 3.2.17. 

3.2.22 Preparation of gel electrophoresis 
Preparation of human sera 

Patients' sera were centrifuged at 3 000 g, for 10 min at 4''C, using a BHG 
Hermle centrifuge model 2320. After centriftigation and heat inactivation at 
56°C for 30 min, the sera were maintained at -70°C. 

Sodium dodecyl sulphate polyacrylaraide gel electrophoresis (SDS-PAGE) 

The mouse seitmi and mycolic acids-mouse serum conjugates (prepared as 
described imder 1.2.16.3 and 1.2.16.4, respectively) were diluted with 
LaemmH buffer (LaemmU, 1970) comprising 0,5 M Tris-HCl pH 6,8, 10% 
v/v glycerol, 10% ra/v SDS and 0,05% m/v bromo phenol blue, and separated 
on a vertical sodium dodecyl sulphate polyacrylamide slab electrophoresis gel 
system (SDS-PAGE) (Owl system 1,5 mm x 160 mm x 140 mm). The gel 
consisted of a 4% stacking gel and a 6% separating gel in an electrode buffer 
comprising 30 mM Tris pH 8,0, 200 mM glycine and 17 roM SDS. 

The SDS-PAGE gels were initially run at a voltage of 60 V/sec for one hour, 
after which the voltage was turned up to 100 V/sec for additional two to three 
hours. The gels were run in" an electric field created by the Electrophoretic 
Constant Power Supply (ECPS 2000/300) produced by Pharmacia 
Biotechnology. 
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Western Blot 

After the separation of the mouse serum proteins, the gel was equilibrated in ' 
CAPS buffer pH 9,0 (as specified under 3. 1.3.4). An Immobilon-P Transfer 
membrane was equilibrated in methanol for one minute and then washed with 
CAPS (3-[Cyciohexylamino]-l propane sulphonic acid, Sigma) buffer. The 
separated mouse proteins were transferred from the SDS-PAGE gel to the 
Immobilon membrane with a Biorad Transblot-SP semi-dry transfer cell 
(power supply: ECPS 2000/300 from Pharmacia Biotechnology). 

The strips present on the Immobilon membrane were cut out and blocked by 
incubation in TBS buffer pH 7,4 (20 mM Tris, 55 mM NaCI) containing 1% 
m/v fat-free milk powder and 0,05% v/v Tween 20. 

Each strip of the Immobilon membrane contained one lane of the mouse serum 
and one lane of the mouse serum-my colic acids conjugate. The control strip 
comprised one lane of the standard Low Molecular Weight Markers, one lane 
of the mouse serum and of the mouse serum-my colic acids conjugate. The 
control strip was stained with Coomassie blue. The remaining strips were 
individually incubated in either patient or control sera at 4''C for 16 hours. ^ 
The sera of both types were diluted 1:6 v/v m the blocking buffer (TBS pH ^ 
7,4, 1% m/v fat free milk powder and 0,05% v/v Tween 20). 

The membrane strips were subsequendy incubated with a mLxmre of and- 
human IgG + IgM peroxidase conjugate diluted 1:500 with the blocking - 
buffer, at room temperamre for three hours and excess antibody was removed 
by three rinses in TBS buffer pH 7,4 containing 1% m/v fat free milk 
powder. The blots were developed by adding ±e substrate, i.e.: 0,03 mM 4- 
chloronaphtol. 3% v/v hydrogen peroxide in 20 ml methanol, made up 
to 100 ml with TBS buffer pH 7,4. 
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3.2.23 Methods used in the purification of CD4* single positive (SP), 
CDS* single positive, CD4- and CDS- double negative (DN) afi 
TCR positive cells from the human peripheral blood 

Purification of these cells was performed according to the procedure described 
by Niehues e: ai, (1994) with small modifications. 

Peripheral blood mononuclear cells (PBMC) were isolated from 100 to 200 mi 
of blood from healthy individimis, using density gradient centrifiigation over 
Ficoll-Hypaque, Red blood cells were lysed with 0,015 M NH^Cl and the 
remaining cells were resuspended in PBS buffer containing 1% v/v BSA and 
0,01% m/v sodium azide to a concentration of 10 to 20 x 10** cells/mi.- The 
cells were then incubated on ice with the specific mouse monoclonal antibody 
recognising a framework determinant of the otBTCR WT3I, at lOjil/lO"' cells. 

After 30 mfn, the cells were washed and positively selected with Dynal M-450 
magnetic beads coated with a" goat anti-mouse IgE antibody. The volume ratio 
between target cells and the beads was 1 :40. The cells and beads mixture was 
gently rotated for 30 min at 4°C, 

The ceil suspensions were then exposed to a strong magnetic field and the non- 
adherent cells were removed. Adherent cells were allowed to detach by an 
overnight incubation at 37°C and were then subjected to two rounds of 
immunodepletion with anti-CD8 mAb covalentiy coupled to magnetic beads 
and one round of depletion with anti-CD4 mAb, both covalendy coupled to 
magnetic beads (M-4.50 Dynal). 

Immunomagnetic depletions were performed at bead to target cell ratios of 
40:1 with gende rotation for 30 min at 4° C. 
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Cells bound to the anti-CD4 magnetic beads and to the anti-CD8 magnetic 
beads were used directly as a source of T-cell RNA. 

The isolated CD4, CDS and DN cells did not contain CD20, CD 13, CD 1 4 or 
CD34* cells and were >90% viable. The assessment of the cell viability was 
carried out using propidium iodide staining and Fluorescence Activated Cell 
Sorter (FACS). 

Ceils that did not bind to WT31 in the first selection step were irradiated 
(30Gy) and used as autologous total APCs (Antigen Presenting Cells). ^ 

Induction of CDl on autologous APC was carried out as described by 
Porcelli, Morita and Brenner (1992). Human monocytes were isolated from 
leucocyte concentrates originating from blood of normal donors by plastic 
adherence and detached by incubation at SI^C in PBS with 0,53 mM EDTA. 
Adherent cells comprised typically more than 90% CD 13* and MHC class n* 
but tested negative for CDla, -b and -c by sxirface staining. To induce CDl 
expression, monocytes were cultured in RPMl 1640 tissue culture medium 
containing 10% fetal calf senmi with 100 units/ml of GM-CSF and IL-4 for 
60 hours. The cells were collected by desorption using PBS with 0,53 mM^. 
EDTA. ^ 

Proliferation assay: The cells were suspended m RPMl 1640 tissue culture 
medium supplemented with 2 mM glutamine, 0,25% m/v refobacine and 5% 
v/v heat- inactivated, pooled human AB senim. SP and DN cells were plated 
in triplicate into round-bottomed 96-weli tissue culture microplates, stimulated 
with mycolic acids (at concentrations of 5, 25, and 50 p.g/ml and a mutagen, 
phytohemagglutinin (PHA), at a concentration of 3.3 fJ-g/ml). The cells were 
incubated for 72 hours at 37*'C in a humidified CO2 incubator (5% COj). 
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During the final 16 hours of incubation, the cells in the microplates were 
pulsed with ^H-thymidine (0,5 p.Ci/weIl). Proliferation of SP and DN cells 
was determined by incorporation of ^H-thymidine as measured by standard 
liquid scintillation counting. ■ Dose response curves were generated. 
Autologous, irradiated (30 Gy) APC or CDT APC cells were added at a ratio 
of 4:1 in ail experiments. The results were expressed at mean cpm -^1- SEM, 
from which background values (medium alone) were subtracted. 

33 RESULTS and DISCUSSION 

The results obtained concerning: 

i) the influence of the modified method of purification on yield and purity 
of mycolic acids; 

ii) the structural analysis of mycolic acids originating from M. tuberculosis 
using infra-red spectroscopy; 

and 

iii) the stability of mycolic acids 

were presented and discussed in sections 1.3.1, 1-3.2 and 1.3.3. 



3.3 Investigations of the immunogenic properties of countercurrent-purified 

mycolic acids 



These investigations were based on the following experiments: 
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3.3.1 The induction of antibodies against mycolic acids in the 
experimental rats; 

3.3.2 The detection of anti- mycolic acids antibodies in human 
tuberculosis patients; 

3.3.3 Response of human CD4 T cells to the in vitro stimulation with 
mycolic acids. 

The following results were obtained. 

33.1 The induction of antibodies against mycolic acids in the ^ 
experimental animals 

In order to determine the immimogenicity 6f mycolic acids, suspensions of a 
methylester fonn of mycolic acids in oil were used for the immunization of 
Sprague-Dawiey rats, as described under 3.2.16. The antibody response was 
monitored and the ELISA results obtained after a treatment period of 3 
months, are presented in Fig. 28. A dose related response was observed for 
the induction of antibodies specific for mycolic acids, immobilized on the 
ELISA plates as described vmder 3.2.17. 

The results presented in Fig. 28 support the hypothesis that mycolic acids are 
immunogenic in respect of being able to induce anti-mycolic acids antibodies. 

33.2 The detection of anti- mycolic acids antibodies in human 
tuberculosis patients 

Two out of 58 human tuberculosis patients sera screened, revealed the presence 
of antibodies recognising methyl-ester form of mycolic acids (Fig. 29). 
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The specificity of these antibodies was confirmed by an inhibition ELISA 
reaction carried out as described under 3.2.18. The results obtained are 
presented in Fig. 30. 

The results imply that mycolic acids shed from the cell walls of M. 
tuberculosis infecting the human host may induce the formation of anti-mycolic 
acids antibodies in patients. However, the antibodies are produced at a low 
frequency, or there is a stage of the infection during which the antibodies are 
not detected The antibodies are specific (Fig. 30), but their affinity is low due 
to the high serum concentration required to give a detectable signal. 

Anti-mycolic acids antibodies from human mberculosis patients recognise a 
preferred serum protein of +/- 80 kDa on control mouse serum exposed to 
purified mycolic acids in methyl-ester form. An illustration of this 
observation is given in Fig. 31. 

The result presented in Fig. 3 1 could not be easily reproduced with the sera of 
othei: human tuberculosis patients, probably due to the fact that these antibodies 
occur at low frequencies. The +/- 80 kDa mouse protein appears to enhance 
the antigenicity of mycolic acids and its human homologue may therefore also 
increase the immunogenicity of mycolic acids in blood of human tuberculosis 
patients. 

3.3.3 Response of human CD4 T cells to the in vitro stimulation with 
mycolic acids 

In order to establish the extent of the human T-cell response to mycolic acids 
stimulation, besides the known stimulation of double negative (DN) T cells 
(Porcelli, Morita and Brenner, 1992; Beckman et ai, 1994), CD4 T cells and 
CDS T cells were exposed to CD 1 -expressing antigen presenting cells and the 
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cell proliferation was measured. The results are presented in Figures 32a and 
32b. 

The results in Fig. 32a indicate stronger stimulation of CD4 T cells by 
mycoiic acids at a frequency higher than that of DN T cells. This effect was 
not previously reported by Beckman et al. (1995) or other researchers. 

On the other hand, upon exposure to non-CD 1 expressing APCs, CD4 T cells 
also showed a significant but weak cell proliferation after mycoiic acids 
treatment (Fig. 32b). No stimulation of DN T cells was observed. This result ^ 
may, therefore, suggest a non-CD 1 dependent way of mycoiic acids 
presentation by APC cells in order to activate CD4 T cells. 

On the basis of these results, inamunoregxilatory properties of mycoiic acids 
appear to be mediated by both DN and CD4 T cells, but not by CDS T cells. 
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CONCLUSIONS 

1. On the basis of the results reported above it can be concluded that 
my colic acids originating from M tuberculosis H37Rv purified using 
counter-current purification, possess immunoregulatory and Lmmunogenic 
properties and can be used in the prophylaxis and/or therapy of diseases, 
particxilarly those induced by or associated with Mycobacteria. 

2. Mycolic acids can protect mice against infection with M. tuberculosis, 
especially when administered before the infection/onset of the disease. 

3 . The protection provided by mycolic acids manifested itself mainly in the 
lungs. The lungs from the mycolic acids-pre-treated animals were the 
only organ in which a significantly reduced mbercle formation could be 
observed upon macroscopic post-mortem assessment 

4. On the basis of cytokine profiling of IL-12, IFN-t, TNF-a and TGF-B 
in the organs of the experimental animals, mycolic acids appear to induce 
upon pre-treatmenfa pro-inflammatory mechanism of protection against 
tuberculosis. 

5. Preliminary evidence from IR V indicates that mycolic acids from other 
species of Mycobacterium (e.g. M. vaccae) could also induce the 
protective immune effects in the lungs. 

6. Mycolic acids impair the development of artiiritic symptoms when 
mtroduced before the administration of an arthritis-inducing dose of heat- 
killed and freeze-dried cells of M. tuberculosis H37Ra. This reveals an 
immunosuppressive regulatory property of mycolic acids, which might 
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be applied in the prevention of auto-immune side-effects of bacterial 
infections, particularly in the case of M. tuberculosis or mycobacterial 
infections. 

7. The results do not exclude a protective effect of mycolic acids treatment 
after the administration of arthritis-inducing doses of M. tuberculosis 
H37Ra. 

8. The immvmogenic properties of mycoiic acids were' confirmed in the 
experiments in which they induced the formation of antibodies in the 
experimental animals upon immunization with these compounds. Anti- 
mycolic acids antibodies occurring spontaneously and detected in human 
serum were found to be specific but of low affinity. 

9. Countercuirent-purified mycoEc acids were also found to stimulate 
hmnan DN and CD4 T cells, but did not appear to have an effect on 
CDS T cells. 



10. 



No toxic effects of mycolic acids were detected in control rats within the 
tested doses, i.e.. between 8 and 50 p.g for mice and 0,1 and 1 mg for 
rats. 
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1 . A composition comprising a purified mycobacterial mycolic acid or mixture of 
purified mycobacterial mycolic acids or ester form thereof or synthetic form 
thereof and a pharmaceutically acceptable carrier or adjuvant, wherein the 
pharmaceutically acceptable carrier is suitable for direct administration to the 
lungs of a subject. 

2. A composition according to claim I, wherein the purified mycobacterial 
mycolic acid or mixture of purified mycobacterial mycolic acids is from 
Mycobacterium tuberaihsis. 

3. - A composition according to claim 1, wherein the pharmaceutically acceptable 

carrier is a vaporisable liquid. 

4. A composition according to claim 3, wherein the vaporisable liquid is a saline 
solution. 

5. A composition comprising a purified mycobacterial mycolic acid or mixture of 
purified mycobacterial mycolic acids or ester form thereof or synthetic form 
thereof and a pharmaceutically acceptable carrier or adjuvant, wherein the 
composition comprises a tolerogenic amount of the purified mycobacterial 
mycolic acid or mixture of purified mycobacterial mycolic acids or ester form 
thereof or synthetic form thereof 

6. A composition according to claim 5, wherein the purified mycobacterial 
mycolic acid or mixture of purified mycobacterial mycolic acids is from 
Mycobacterium tuberculosis. 

7. A prophylactic pharmaceutical composition for an immune disorder, 
comprising a purified mycobacterial mycolic acid or mixture of purified 
mycobacterial mycolic acids or ester form thereof or synthetic form thereof 
and a pharmaceutically acceptable carrier or adjuvant. 
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A vaccine according to claim 7, wherein the immune disorder is arthritis. 



9. A method of decreasing the pathogenic effects of a mycobacterial infection in 
the lungs of a subject by administering to the subject a purified mycobacterial 
mycolic acid or mixture of purified mycobacterial mycolic acids or ester form 
thereof or synthetic form thereof to stimulate the innate immunity of the 
subject. 

10. A method according to claim 9, which is a prophylactic method or a 
therapeutic method. 

11. A method according to claim 10, which is an i mm u no regulatory method. 

12. A method according to claim 10 or 11, which is a prophylactic method which 
enhances resistance or reduces susceptibility to a micobacterial infection in a 
subject. 

13. A method according to claim 12, wherein the prophylactic method promotes a 
pro-inflammatory response in the lungs of the subject. 

14. A method according to claim 10 or 1 1, wherein the prophylactic method or the 
therapeutic method modulates or manipulates the humoral immune system or 
cellular immune system or both in a subject. 

15. A method according to claim 12 or 13, wherein the prophylactic method 
stimulates the expression of IL12 IFN-y in the lungs of the subject. 

16. A method according to claim 10. wherein the therapeutic method stimulates 
the expression of TGF-P in the lungs of the subject. 

17. A method according to claim 10. wherein the mycobacterial infection is 
tuberculosis. 
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18. A purified mycobacterial mycolic acid or mixture of purified mycobacterial 
mycoiic acids or ester form thereof or synthetic form thereof for use in a 
method of decreasing the pathogenic effects of a mycobacterial infection in the 
lungs of a subject by stimulating the innate immunity of the subject. 

19. Use of a purified mycobacterial mycolic acid or mixture of purified 
mycobacterial mycolic acids or ester form thereof or synthetic form thereof in 
a method of making a medicament for use in a method of decreasing the 
pathogenic effects of a mycobacterial infection in the lungs of a subject by 
stimulating the innate immunity of the subject. 

20. A purified mycobacterial mycolic acid or mixture of purified mycobacterial 
mycolic acids according to claim 18 or 19, wherein the method of treatment is 
a prophylactic method or a therapeutic method. 

21. A purified mycobacterial mycolic acid or mixture of purified mycobacterial 
mycolic acids according to claim 20, wherein the method of treatment is an 
immunoregulatory method. 

22. A purified mycobacterial mycotic acid or mixture of purified mycobacterial 
mycolic acids or ester form thereof or synthetic form thereof according to 
claim 18 or 19, wherein the method of treatment is a prophylactic method 
which enhances resistance or reduces susceptibility to a mycobacterial 
infection in a subject. 

23. A purified mycobacterial mycolic acid or mixture of purified mycobacterial 
mycolic acids according to claim 22, wherein the prophylactic method 
promotes a pro-inflammatory response in the lungs of the subject. 

24. A purified mycobacterial mycolic acid or mixture of purified mycobacterial 
mycolic acids according to claim 20 or 2 1. wherein the prophylactic method or 
the therapeutic method modulates or manipulates the humoral immune system 
or cellular immune system or both in a subject. 
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25. A purified mycobacterial mycolic acid or mixture of purified mycobacterial 
mycolic acids according to claim 22, wherein the mycobacterial infection is 
tuberculosis. 

26. A purified mycobacterial mycolic acid or mixture of purified mycobacterial 
mycolic acids according to claim 20, wherein the method of treatment is a 
prophylactic method which stimulates the expression of IL12 and DFN-y in the 
lungs of the subject. 

27. A purified mycobacterial mycolic acid or mixture of purified mycobacterial 
mycolic acids according to claim 20. wherein the method of treatment is a 
therapeutic method which stimulates the expression of TGF-|3 in the lungs of 
the subject. 

28. A method of diagnosing an immune disorder in a subject comprising the steps 
of: 

contacting a sample from the subject with a purified mycobacteria! mycolic 
acid or mixture of purified mycobacterial mycolic acids or ester form thereof 
or synthetic form thereof; and 

detecting any immunological reaction between the purified mycobacterial 
mycolic acid or mixture of purified mycolic acids and the sample. 

29. A method according to claim 28, wherein the step of detecting any reaction 
between the purified mycobacterial mycolic acid or mixture of purified 
mycobacterial mycolic acids or ester form thereof or synthetic form thereof 
and the sample comprises detecting the binding of an antibody present in the 
sample to the purified mycobacterial mycolic acid component. 

30. A method of treatment of an immune disorder in a subject comprising the step 
of administering to the subject a purified mycobacteria! 'mycolic acid or 
mixture of purified mycobacterial mycolic acids or ester form thereof or 
synthetic form thereof 
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31. A method according to claim 30, which is a prophylactic method or a 
therapeutic method. 

32. A method according to claim 31, which is an immunoregulatory method. 

33. A method according to claim 3 1 or 32, which is a prophylactic method which 
enhances resistance or reduces susceptibility to an immune disorder in a 
subject. 

34. A method according to claim 33, wherein the prophylactic method suppresses 
inflammation of the joints in the subject. 

35^ A method according to claim 3 1 or 32, wherein the prophylactic method or the 
therapeutic method modulates or manipulates the humoral immune system or 
cellular immune system or both in a subject. 

36. A method according to any one of claims 30 to 35, wherein the immune 
disorder is an inflammatory condition or allergy. 

37. A method according to claim 36, wherein the inflammatory condition is an 
autoimmune disease. 

38. A method according to claim 37, wherein the autoimmune disease is arthritis. 

39. A purified mycobacterial mycolic acid or mi.xture of purified mycobacterial 
mycotic acids or ester form thereof or synthetic form thereof for use in a 
method of treatment of an immune disorder in a subject. 

40. Use of a purified mycobacterial mycolic acid or mixture of purified 
mycobacterial mycolic acids or ester form thereof or synthetic form thereof in 
a method of making a medicament for use in the treatment of an immune 
disorder in a subject. 
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41. A purified mycobacterial mycolic acid, mixture, ester or synthetic form 
according to claim 39 or 40, wherein the method of treatment is a prophylactic 
method or a therapeutic method. 

42. A purified mycobacterial mycolic acid, mixture, ester or synthetic form 
according to claim 41,. wherein the method of treatment is an 
immunoregulatory method. 

43. A purified mycobacterial mycolic acid, mixture, ester or synthetic form 
according to claim 41 or 42, wherein the method of treatment is a prophylactic 
method which enhances resistance or reduces susceptibility to an immune 
disorder in a subject. 

44. A purified mycobacterial mycolic acid, mixture, ester or synthetic form 
according to claim 43, wherein the prophylactic method suppresses 
inflammation of the joints in the subject. 

45. A purified mycobacterial mycolic acid, mixture, ester or synthetic form 
according to claim 41 or 42, wherein the prophylactic method or the 
therapeutic method modulates or manipulates the humoral immune system or 
cellular immune system or both in a subject. 

46. A purified mycobacterial mycolic acid, mixture, ester or synthetic form 
according to any one of claims 39 to 45, wherein the immune disorder is an 
inflammatory condition or allergy. 

47. A purified mycobacterial mycolic acid, mixture, ester or synthetic form 
according to claim 46, wherein the inflammatory condition is an autoimmune 
disease. 

48. A purified mycobacteria! mycolic acid, mixture, ester or synthetic form 
according to claim 47, wherein the autoimmune disease is arthritis. 
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49. A method of separating and purifying a specific microbial cell-wall 
component of a lipid or carbohydrate nature or a derivative or analog thereof 
from an extracted mixture of the cell-wall component or derivative or analog 
thereof and contaminants or from a synthetic mixture of the cell-wall 
component or derivative or analog thereof and contaminants, comprising the 
steps of; 

dissolving the extracted mixture or synthetic mixture in a bi-phasic 

solvent containing sodium chloride to form a solution; 

allowing the solution to separate to from an upper phase and a lower 

phase; 

subjecting the phases to countercurrent distribution/separation 
comprising a required number of cycles to separate the microbial cell- 
wall component or analog or derivative thereof in the upper phase or 
the lower phase; and 

removing the separated microbial cell-wall component or derivative or 
analog thereof from the upper or lower phase. 

50. A method according to claim 49, which also comprises the additional pre- 
purification steps of: 

dissolving the extracted mixture of celt-wall component or derivative 
or analog thereof and contaminants or the synthetic mixture of the cell- 
wall component or derivative or analog thereof and contaminants in a 
first solvent without sodium chloride; 
adding thereto a second solvent without sodium chloride; 
mixing and allowing the solution to separate to form a first upper phase 
(second solvent) and first lower phase (first solvent); and 
removing the first upper phase and/or the first lower phase for further 
processing. 

51. A method according to claim 49 or 50, wherein the lower phase containing the 
extracted mixture is removed and subjected to countercurrent 
distribution/separation comprising a required number of cycles to separate the 
microbial cell-wall component or analog or derivative thereof in a second 
upper phase or lower phase and the separated microbial cell-wall component 
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or derivative or analog thereof is removed from the second upper or lower 
phase. 



52. A method according to any one of claims 49 to 5 1, which also comprises the 
additional post-purification steps of: 

dissolving the extracted microbial cell-wail component or derivative or 
analog thereof in a suitable solvent; and 

adding a precipitant to the solution to precipitate out the dissolved 
further purified microbial cell-wall component or derivative or analog 
thereof. 

53. A method according to claim 52, wherein the solvent is chloroform. 

54. A method according to claim 52 or 53, wherein the precipitant is acetone. 

55. A method according to any one of claims 49 to 54, which also comprises the 
steps of: 

saponifying a microbial culture prior to preparing therefrom an 
extracted mixture of a cell-wall component or derivative or analog 
thereof on which to perform the method; and 

resaponifying the separate and purified microbial cell-wall component 
or derivative or analog thereof 

56. Detection means for detecting the presence of antibodies to a purified mycolic 
acid or mixture of purified mycolic acids comprising a solid phase and an 
unconjugated purified mycolic acid or a mixture of unconjugated purified 
mycolic acids in a methyester form or in a freshly resaponified form 
associated therewith. 

57. Detection means according to claim 56. wherein the solid phase is an ELISA 
plate. 

58. A prophylactic pharmaceutical composition according to claim 7, wherein the 
immune disorder is an autoimmune disorder. 
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Fig. 1 Activarian of naive T cells - two independent signals are required 
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Fig. 2a 



HPLC profile" of countercurrent-purified mycolic acids originating 
from M. tuberculosis, using the modified method 
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Fig. 2b 



HPLC profile oi coumercurrent-purified mycolic acids originating 
from M. vaccaa, using the modified method 
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Fig. 7 



Stability of mycolic adds originatmg from M. tuberculosis 
(resaponified and methylester form) upon dry storage 
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Fig. 8 Cytokine profiles of IL-12. IFN-r, TNF-a and TGF-B in the lungs of 

Baib/c mice treated with 250 and boosted with 25 mycoUc acids rrom 
M. tuberculosis. The lungs were removed 24 and 48 hours after the boost 
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FI- 10 Survival of M. aiberculosis-^^a^^d Balb/c mice. pre-trea:ed with 

mycoUc acids (from M. tuberculosis) one week before die inrecnoa. 
at the indicated doses 
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Fig. 12 Survival of M. tuherculosis-mftcxtd Balb/c mice post-creared with 

mycoUc acids (from M. tuberculosis) three weeks after the infection, 
at the indicated doses. deUvered in three daily injecdons of equal 
dose 
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S.dicat.d doses. deUvered in rhr^e daxiy mjecuons of equal 

dose 
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Fig. 14 Expression of IL-i2 in /V/. cuberculosis-'mfzcxzd BaJb/c ciics, pre- 

treated with mycolic adds (from M. Oiberculosis) one week before 
the infection, at the indicated doses. Lungs were removed five 
weeks after the infection. 
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Fig. 13 



Corrslaaon. bccweea [L-12 exprasstan in ch.e lungs of Balb/c mice, 
prc-tre2:cd with mycolic acids (from M, atherculosis) , at five weeks 
after the infection and their stirvtval 
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Fig. 16 E-xpression of IFN-r in iW. mb ercidasis-'mf &ca:d Balb/c micz pre- 

treited wicfa mycolic adds (from /V/. mhervidosis} oac wctk before 
the tnfecdon. ac the indicaicd doses. Lungs were removed five 
weeks after the infccrion. 
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Fi^ 17 R.p.at experiment. ELxpre^sion of rFN-yiaM. ^^ercnte-mfeaed 

bXc mice pre-treaced wich mycolic acids (from M. cuberculosis) 
one week before the infection, at the indicated doses. Lungs were 
removed five weeks after the infection. 
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Fig. 18 E.-n:c^ian of TGF-S in K cr^jrrrri/cri-mfcctid Baib/c cmci pi 

xrtusA wt±. mycalic adds (frac A^. aizmulosis) ane ^vtiic btrc 
the infccnoa. ac the indicated dcses. Lungs were r=avcd n 
weeks ancr ±e infccdon. 
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Fi^. 19 



Cocrcladon berween TGF-S expression in the lungs of Balb/c mice, 
pre-trcaicd with mycollc adds (from M. atbercuLosis) and their 
survivai. The Itrngs were removed five weeks after the infection 
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Expression of IL-12 in M. tuberculoscs-infzct&d Balb/c mice, post- 
created with mycolic acids (from M. cuberculosis) three weeks after 
the infection, at the indicated doses. Lungs were removed five 
weeks after the infcaion. 
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Fig. 21 Expression of IFN-y La M. n^crculnsis-'micctcd Baib/c mic= post- 

tnnattd m^h mycatic acids (from rMserculosis) thrcs weeks after 
Che inftcrion, a: che Lndicared doses. Lungs were removed five 
weeks after the irLfcctiQn. 
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"i?. 22 Expression of TGF-B in A/. Cihen:'j.kisis-\nzt.a£.d Balb/c ciics pos:- 

trsated with mycQlic acids (from rt^. czthsrczdosts-) three we-ks afccr 
Che infecdaii, at the indicated doses. Lungs were removtd five 
weeks after the infeciion. 
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MA (micragrarn) 



Fig. 23 Cyiokinc pn=fil=. of IFN-7.and K,-; in rhe spleen of H^ib/c mice 

pre- and jSost-creared wich rr.ycolic acids (from .W/. at 
the indicated doses. 
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Fig. 24 ELtpression of IL-12 in the lungs of M. cuberculosis-'mfccitd Balb/c 

mice, pre- and post-crtated with mycolic acids (from M. vaccasj ac 
Che indicated doses. Lungs were re.'noved five weeks -after the 
infection. 
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Fig. 25a A phocograph of two rats, the rat 
received ordy FL=\. the rac on che 
induction oi: adjuvant arthritis and 
nodules visible on che front paws. 



on the left being a control and having 
right having received a reagent for the 
showing a' bleeding nose and aahricic 
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Fig. 25C A phocograph of rac show^g che cypical ^^^^^J^^^:, Z 
hind legs. Che so-called ••swimming posinon ana a necrosis a 

sice of Che injeccion. 
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Fig. 26a X-nxy photogmphs of the hind limbs of racs used in ^^^^^^^^ 
experiments. Group 5 of Tables 8a ar.d 8b - a "negafve concrol 
created with Freund's Adjuvanc only. 
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X-ray phocogmphs of the hind limbs of rats u^ed in the arthncis 
e.xperimenrs. Group 1 of Tables Sa and 8b- a "posicive'' con:rcl 
treated with/V/. cuberculosis H37Rv suspended inFreund s Adjuvant. 
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Figure 27 A photograph showing the emaciation of a rat with typical induced adjuvant 
arduids 
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Rat antibody response to MA in oil 

After 91 days; immunised every 14 days 
0.5 




1 mg 0.1 mg 0.01 mg 

Amount of MA per injection 



Fig. 23 



Rat andbcsdy respoiise to mycoLic acids suspended in oil. using 1,0, 
0,3 ind O.U mg/mycolic acids per immunization, after three months 
treatment 
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ELISA ON MA-COATED PLATES 

Human patient serum and controls 




STDS 
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iO 
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Human serum samples 



Fi-. 30 



Specificity assay of aiitibcjdies of human cufacrculosis pacicn^ No 33 
issiisstd by inhibicion ELISA 
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Antibodies against mycolic 3.cids are useful 
ia tile diagnosis of tuberculosis 




Fig. 31 



Western blot of mouse serum with and without exposure to 
mycolic acids probed with human tuberculosis patient's and a 
healthy control sera 
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Tcell stimulation on APC 




Mycolic adds (microgram) 



Fig. 32b 



Scimuiadoii of human T cdls by mycolic adds in the presence of 
andgca presenting cells (APC) 



Practitioner's Docket No. 013022 -9 



PATENT 



COMBINED DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL, 
CONTINUATION, OR C-I-P) ^ 

As a below named inventor, I hereby declare that; 

TYPE OF DECLARATION 

This declaration is of the following type: 

(check one applicable item below) 

[ ] original. 

[ ] design. 

[ ] supplemental. 

NOTE: If the declaration is for an International Application being filed as a divisional, continuation or 
continuation-in-part application, do not check next item, check appropriate one of last three items 

[ ] national Stage of PCT. 

NOTE: If one of the follov/ing 3 items apply, then complete and also attach ADDED PAGES FOR DIVISIONAL, 
CONTINUATION OR C-I-P. 

NOTE See 37 C F.R. § 1.63(d) (continued prosecution application) for use of a prior nonprovisional application 
declaration in the continuation or divisional application being filed on behalf of the same or fewer of the 
inventors named in the prior application 

[ ] divisional. 
[ ] continuation. 

NOTE: Where an application discloses and claims subject matter not disclosed in the prior application, or a 
continuation or divisional application names an inventor not named in the prior application, a 
continuation-in-part application must be filed under 37 C.F.R. § 1.53(b) (application filing requirements- 
nonprovisional application). 

[X] continuation-in-part (C-I-P). 

INVENTORSHIP IDENTIFICATION 

WARNING: If the inventors are each not the inventors of all the claims, an explanation of the facts, including 

the ownership of all the claims at the time the last claimed invention was made, should be 
submitted. 

My residence, post office address and citizenship are as stated below, next to my name. I believe 
that I am the original, first and sole inventor (if only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) of the subject matter that is claimed, and for 
which a patent is sought on the invention entitled: 
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EXPRESS MAIL LABEL 
NO.:EL699732331US 



TITLE OF INVENTION 



A Com position Comprising a Carrier and a Purified Mycobacterial Lipid Cell- Wall 
Component and its Use in the Prevention, Treatment and Diagnosis of Disease 



SPECIFICATION IDENTIFICATION 



The specification of which: 

(complete (a), (b), or (c)) 

(a) [ ] is attached hereto. 



NOTE: "The following combinations of information supplied in an oath or declaration filed on the application 
filing date with a specification are acceptable as minimums for identifying a specification and compliance 
with any one of the items below will be accepted as complying with the identification requirement of 37 



"(1) name ofinventor(s), and reference to an attached specification which is both attached to the 
>r declaration at the time of execution and submitted with the oath or declaration on filing. 



"(2) name ofinventorfsj, and attorney docket number which was on the specification as filed; or 
"(3) name of inventor(s), and title which was on the specification as filed. " 
Notice of July 13, 1995 (1177 O.G. 60). 

(b) [X] was filed on September 2. 1 999 , [ ] as Application No. 

[ ] and was amended on dfcpplicable). 

N OTE: Amendments filed after the original papers are deposited with the PTO that contain new matter are not 
accorded a filing date by being referred to in the declaration. Accordingly, the amendments involved are 
those filed with the application papers or, in the case of a supplemental declaration, are those amendments 
claiming matter not encompassed in the original statement of invention or claims. See 37 C.F.R. § 1 67. 

NOTE: "The following combinations of information supplied in an oath or declaration filed after the filing date 
are acceptable as minimums for identifying a specification and compliance with any one of the items below 
will be accepted as complying with the identification requirement of 37 C.F.R. § 1.63: 

"(1) name of inventor(s), and application number (consisting of the series code and the serial 
number; e.g.,08/1 23,456); 



"(2) name of inventor(s), serial number and filing date; 

"(3) name of inventor(s) and attorney docket number which was on the specification as filed; 

"(4) name of inventor (s), title which was on the specification as filed and filing date; 

"(5) name ofinventor(s), title which was on the specification as filed and reference to an attached 
specification which is both attached to the oath or declaration at the time of execution and submitted with 
the oath or declaration; or 



"(6) name ofinventor(s), title which was on the specification as filed and accompanied by a cover 
letter accurately identifying the application for which it was intended by either the application number 
(consisting of the series code and the serial number; e.g.,08/1 23,456), or serial number and filing date. 
Absent any statement(s) to the contrary, it will be presumed that the application filed in the PTO is the 
application which the inventor(s) executed by signing the oath or declaration. " 

Notice of July 13, 1995 (1177 O.G. 60), M.P.E.P. § 601(a), 6th ed., rev.3. 
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(c) [ ] 



was described and claimed in PCT International Application No. 

filed on and as amended under PCT Article 19 

on (if any). 



SUPPLEMENTAL DECLARATION (37 C.F.R. § L67(b)) 

(complete the following where a supplemental declaration is being submitted) 

[ ] I hereby declare that the subject matter of the 

[ ] attached amendment 

[ ] amendment filed on 

was part of my/our invention and was invented before the filing date of the original 
application, above identified, for such invention. 



ACKNOWLEDGMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information, which is material to patentability as 
defined in 37, Code of Federal Regulations, § 1.56, 

(also check the following items, if desired) 

[ ] and which is material to the examination of this application, namely, information 
where there is a substantial likelihood that a reasonable Examiner would consider 
it important in deciding whether to allow the application to issue as a patent, and 

[ ] in compliance with this duty, there is attached an information disclosure 
statement, in accordance with 37 C.F.R. § 1.98. 
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PRIORITY CLAIM (35 U.S.C. § 1 19(a)-(d)) 



NOTE- "The claim to priority need be in no special form and may be made by the attorney or agent if the foreign 
apphcation is referred to in the oath or declaration as required by §1.63. The claim for priority and the 
certified copy of the foreign application specified in 35 U.S.C. § I i 9(b) must be filed in the case of an 
interference (§ 1.630). when necessary to overcome the date of a reference relied upon by the examiner, 
when specifically required by the examiner, and in all other situations, before the patent is granted If the 
claim for priority or the certified copy of the foreign application is filed after the date the issue fee is paid 
it must be accompanied by a petition requesting entry and by the fee set forth in § 1.! 7(1). If the certified 
copy is not in the English language, a translation need not be filed except in the case of interference: or 
when necessary to overcome the date of a reference relied upon by the examiner; or when specifically 
required by the examiner, in which event an English language translation must be filed together with a 
statement that the translation of the certified copy is accurate. " 37 C.F.R. § 1.55(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, § I19(a)-(d) 
of any foreign application(s) for patent or inventor's certificate or of any PCT international 
application(s) designating at least one country other than the United States of America listed below 
and have also identified below any foreign application(s) for patent or inventor's certificate or any 
PCT international application(s) designating at least one country other than the United States of 
America filed by me on the same subject matter having a filing date before that of the 
application(s) of which priority is claimed. 

(complete (d) or (e)) 

(d) [ ] no such applications have been filed. 

(e) [ ] such applications have been filed as follows. 

NOTE: Where item (c) is entered above and the International Application which designated the U.S. itself claimed 
priority check item (e), enter the details below and make the priority claim. 



PRIOR FOREIGN/PCT APPLICATION(S) FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION 
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § I19(a)-(d) 



COUNTRY (OR 
INDICATE IF PCT) 


APPLICATION NUMBER 


DATE OF FILING 
DAY, MONTH, YEAR 


PRIORITY 
CLAIMED UNDER 
35 use 119 








[ ] YES [ ] NO 








[ ]YES [ ]NO 








r 1YES r ]NO 








r ] YES [ ] NO 








[ ] YES [ ] NO 
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CLAIM FOR BENEFIT OF PRIOR U.S. PROVISIONAL APPLICATION(S) 

(35U.S.C. § 119(e)) 



I hereby claim the benefit under Title 35, United States Code, § 1 19(e) of an\- United 
States provisional application(s) listed below: 



CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 
UNDER 35 U.S.C. § 120 

[X] The claim for the benefit of any such applications are set forth in the attached 
ADDED PAGES TO COMBINED DECLARATION AND POWER OF 
ATTORNEY FOR DIVISIONAL, CONTINUATION OR CONTINUATION- 
IN-PART (C-I-P) APPLICATION. 



ALL FOREIGN APPLICATION(S), IF ANY, FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



NOTE: If the application filed more than 12 months fi-om the filing date of this application is a PCT filing forming 
the basis for this application entering the United States as (1) the national stage, or (2) a continuation, 
divisional, or continuation-in-part, then also complete ADDED PAGES TO COMBINED DECLARATION 
AND POWER OF ATTORNEY FOR DIVISIONAL, CONTINUATION OR C-I-P APPLICATION for benefit 
of the prior U.S. or PCT application(s) under 35 U.S.C. § 120. 



I hereby appoint the following practitioner(s) to prosecute this application and transact all 
business in the Patent and Trademark Office connected therewith. 



PROVISIONAL APPLICATION NUMBER 



FILING DATE 



/ 
/ 
_/ 



POWER OF ATTORNEY 



(list 



and registration number) 



JOSEPH H. HANDELMAN, 26179 



RICHARD P. BERG, 28145 



JOHN RICHARDS, 3 1053 



JULIAN H. COHEN, 20302 



RICHARD J. STREIT, 25765 



WILLIAM R. EVANS, 25858 



PETER D. GALLOWAY, 27885 



JANET I. CORD, 33778 



IAN C. BAILLIE, 24090 



CLIFFORD J. MASS, 30086 



THOMAS F. PETERSON, 24790 



CYNTHIA R. MILLER, 34678 
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(Check the following item, if applicable) 



[ ] I hereby appoint the practitioner(s) associated with tlie Customer Number pro- 
vided below to prosecute this application and to transact all business in the Patent 
and Trademark Office connected therewith. 

[ ] Attached, as part of this declaration and power of attorney, is the authorization 
of the above-named practitioner(s) to accept and follow instructions from my 
representative(s). 



I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed, to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willfiil false statements may jeopardize the validity of the application or any 
patent issued thereon. 



SEND CORRESPONDENCE TO 



DIRECT TELEPHONE CALLS TO: 
(Name and telephone number) 



Ladas & Parry 
26 West 61'* Street 
New York, N.Y. 10023 



Clifford J. Mass 
(212) 708-1890 



DECLARATION 
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SIGNATURE(S) 



NOTE Carefully indicate the family (or last) name, as it should appear on the fding receipt and all other doc:, -r-.e. 



NOTE Each inventor must be identified by full name, including the family name, and at least one giver. >-.ame 
without abbreviation together with any other given name or initial, and by his/her residence, pos: office 
address and country of citizenship. 37 C F R § /. 63(a)(3 ) 



NOTE Inventors may execute separate declarations/oaths provided each declaration/oath sets forth all the 
inventors Section 1.63(a)(3) requires that a declaration/oath, inter alia, identify each inventor and 
prohibits the execution of separate declarations/oaths which each sets forth only the name of the executing 
inventor 62 Fed Reg. 53,131, 53,142. October 10, 1997, 

Full name of sole or first inventor 

I^i _ Adrianus - VERSCHOOR 

(Given Name) (Middle Initial or Name) ^ .. ^ - 



Inventor's signature K 

Date Country of Citizenship SOUTH AFRICA 

Residence 414 Rossouw Street. The Willows. Pretoria 0002 Republic of South Africa 
Post Office Address Same as above 




Full name of second joint inventor, if any 

Anne 




Residence Steeneikstraat 35. B-360Q Genk BELGIUM 



Post Office Address Same as above 



Full name of third joint inventor, if any 

Elzbieta JOHANNSEN 



(Given Name) (Middle Initial or Name) Family (Or Last Name) 
Inventor's signature (J /qma9^ 



Date Counfcfy of Citizenship SOUTH AFRICA 

Residence 45 Idol Road. Lynwood Glen. Pretoria 0002 Republic of South Africa 
Post Office Address Same as above 
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(check proper box(es) for any of the following added page(s) 
that form a part of this declaration) 

Signature for fourth and subsequent joint inventors. Number of pages added _ 



Signature by administrator(trix), executor(trix) or legal representative for deceased o 
incapacitated inventor. Number of pages added 



Signature for inventor who refuses to sign or cannot be reached by person authorized 
- under 37 C.F.R. § 1.47. Number of pages added 



Added page for signature by one joint inventor on behalf of deceased inventor(s) where 
legal representative cannot be appointed in time. (37 C.F.R. § 1 .47) 



Added pages to combined declaration and power of attorney for divisional, continuation, 
or continuation-in-part (C-I-P) application. 

[X ] Number of pages added _3 



Authorization of practitioner(s) to accept and follow instructions from representative. 



(If no further pages form a part of this Declaration, 
then end this Declaration with this page and check the following item) 

[ ] This declaration ends with this page. 
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Practitioner's Docket No. U 012379-3 



ADDED PAGE TO COMBINED DECLARATION 
AND POWER OF ATTORNEY FOR DIVISIONAL, CONTINUATION 
OR C-I-P APPLICATION 

(complete this part only if this is a divisional, continuation or C-I-P application) 



CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 
UNDER 35 U.S.C. § 120 

I hereby claim the benefit, under Title 35, United States Code, § 120, of any United States _ 
application(s) or PCT international application(s) designating the United States gf America that is/are listed 
below and, insofar as the subject matter of each of the claims of this application is not disclosed in 
that/those prior application(s) in the manner provided by the first paragraph of Title 35, United States 
Code, § 1 12, 1 acknowledge the duty to disclose information 

[x] that is material to patentability as defined in 37, Code of Federal Regulations, § 1 .56 

(also check the following item, if desired) 

[ ] and that is material to the examination of this application, namely, information 
where there is a substantial likelihood that a reasonable examiner would consider 
it important in deciding whether to allow the application to issue as a patent, 

that occurred between the filing date of the prior application(s) and the national or PCT international filing 
date of this application. (37 CFR 1.63(e)). 

(also check the following item, if desired) 

[ ] In compliance with this duty, there is attached an information disclosure statement, in 
accordance with 37 C.F.R. 1.98. 
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PRIOR U.S. APPLICATIONS OR PCX INTERNATIONAL APPLICATIONS 
DESIGNATING THE U.S. FOR BENEFIT UNDER 35 USC § 120: 


U.S. APPLICATIONS 




Status (check one) 




U.S. APPLICATIONS 


U.S. FILING DAXE 




Pending 


Abandoned 


1. 










2. 










3. 










PCX APPLICATION DESIGNATING THE U.S. 








PCX APPLICATION NO. 


PCX FILING DAXE 


U.S. 

APPLICAXION 
NOS. ASSIGNED 
(Ifany) 






4. PCX/GB98/ 00681 


3 MARCH 1998 








5. 










6. 










7. 










8. 
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35 use § 119 PRIORITY CLAIM, IF ANY, 
FOR ABOVE LISTED U.S./PCT APPLICATIONS 



ABOVE 

APPLICATION 

NO. 


DETAILS OF FOREIGN APPLICATION FROM WHICH PRIORITY 
CLAIMED UNDER 35 USC § 1 19 


please indicate 
appropriate PCT 
application no. 


Country and Application No. 


Date of fiHng 
(day, month, year) 


Date of issue 
(day, month, year) 


\. 








2. 








3. 








4. 


South Africa 97/1817 


3 March 1997 






South Africa 97/10300 


14 November 1997 




5 








6 








7 
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United States Patent & Trademark Office 

Office of Initial Patent Examination -- Scanning Division 




^ Scanned copy is best available. Jr SoO lf^^^^ 



